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The thesis entitled "Physicochemical Studies of 
Inorganic Ion Exchangers and their Applications in the 
Analysis of Rocks, Minerals and Pharmaceutical Products" 
comprises of six chapters. 
Chapter - 1 is 'Introduction' which gives a 
detailed account of the historical background of the ion 
exchange technology and its recent advances followed by a 
compreshensive list of references. Basic principles of ion 
exchange and its applications reported in the literatuie 
so far have also been discussed. 
Chapter - 2 entitled as ''Tin(lV) Antimonate as a 
Lead- Selective Cation Exchanger: Synthesis, Characteriza-
tion, and Analytical Applications' summarizes the synthesis 
and ion exchange behaviour of tin(IV) antimonate. The 
exchanger was obtained by mixing the solutions of tin(lV) 
chloride (0.05 M) and potassium antimonate (0.05 M) in 
different volume ratiosas summarized in Table 1. The pH of 
the resulting gel was fixed in the range 0-1 by adding 
aqueous ammonia with constant stirring. The gel thus 
obtained was kept for 24 hours at room temperature (^30°C) 
and filtered by suction. The excess acid was removed by 
washing with deionized water and the material was dried in 
an air oven at 45°C. It was then cracked into small 
granules by putting in deionized water. The granules so 
obtained were of the uniform size suitable for column 
operation. They were converted into the H^-form by treating 
with IM HNO^ for 24 hours with occasional shaking. The 
material thus obtained was finally washed to remove the 
excess acid and then dried at 45°C. The Na^ ion exchange 
capacity of this material was found to be 2.4 meq/dry gram. 
After synthesizing the material , it was tested for 
its chemical stability by keeping in various solvents for 
24 hours at room temperature with intermittent shaking. 
Antimony was determined quantitatively in the supernatant 
liquid. The amounts of antimony, in ppm found in the 
various solvents after the above treatment are given below 
in parentheses; 
DMW (1.71), IM CH^COOH (1.11), 2M HCl (2.05), 4M 
HCl (4.09), IM HNO3 (0.77), 2M HNO3 (1.02), 4M HNO^ (1.37), 
IM H2S0^ (1.24), 2M H2S0^ (2.44), IM HCIO^ (0.68), 2M HCIO^ 
(0.94), O.IM NaOH (0.98), IM NaN03 (0.08), IM KNO^ (0.21), 
IM NH^NO^ (0.21). 
Thermal stability is also an important aspect for 
an ion exchanger as it gives the information regarding its 
use at elevated temperature. For this^ one gram sample of 
the ion exchanger was heated at different temperatures 
(100-800°C) for one hour and also for 4 hours at 400 and 
800°C. Percent retention of the l.e.c. after this treatment 
is the measure of its thermal stability. Table 1 shows the 
results. As it is indicated by this table the material does 
not lose its i.e.c. on heating upto l O C C . The ion exchange 
capacity is retained upto on heating it upto a 
temperature as high as 800°C which is a unique feature of 
this material . 
The material was then characterized by certain ion 
exchange methods such as elution and concentration curves, 
pH-titration and distribution studies for metal ions. Some 
instrumental methods of analysis were also utilized for its 
characterization like IR, TGA and X-ray studies. 
The distribution studies point out that the tin(IV) 
antimonate prepared during these studies was highly 
selective for Pb(II). Hence, the material has been utilized 
for the separation of this metal ion from others such as 
Al(IIl), Mg{II) and Fe(IIl). Some binary separations such 
as Al(III) - Fe(III), Mg(II) - Al(Ill), and Mg(ll) -
Fe(III) were also obtained on the column of tin(IV) 
antimonate. Table 3 summarizes the salient fetures of these 
separations. 
Chapter-3 deals with the 'The Adsorption of 
Phosphamidon on the Surface of Antimony(V) Phosphate: A 
Thermodynamic Study'. Here, the thermodynamics of the 
adsorption of phosphamidon on the surface of another cation 
exchanger (previously synthesized), antimony (V) phosphate 
has been studied at 30, 45 and 60°C and various 
thermodynamic parameters like equilibrium constants 
standard free energy changes (AG°), enthalpy changes ( A H " ) 
and entropy changes have been calculated to predict 
its adsorption behaviour. The results have been summarized 
in tables 4 and 5. 
A comparison of the present studies with those of 
the carbofuran on antimony(V) silicate cation exchanger 
carried out previously indicates that the adsorption of 
phosphamidon on the surface of an inorganic ion exchanger 
is greater than that of carbofuran. It may be due to the 
preselce of both the phosphonyl (—> P = 0) and carbonyl 
( >C=0) groups in phosphamidon. Carbofuran, however, has 
only the carbonyl groups in its structure. Furthermore, the 
adsorption decreases with an Increase in temperature because 
of the exothermic nature of the process. 
The chapter - 4 entitled 'Forward and Reverse Ion 
Exchange Kinetics of Alkaline Earth Metal Ions on 
Antimony(V) Phosphate Cation Exchanger' summarizes the 
results of the kinetic study on antimony(V) phosphate. The 
study indicates that the ion exchange process taking place 
on the surface of the material is a particle diffusion 
controlled phenomenon. Table 6 summarizes the slopes of the 
various versus time plots at different temperatures for 
the forward and reverse exchanges of some bivalent metal 
ions against H^ ions. Table 7 gives the values of the 
self-diffusion coefficients, energies and entropies of 
activation for the forwrd and reverse exchanges. Figure 1 
gives a comparison of these parameters on different 
inorganic ion exchangers. The more negative values of A S" 
as compared to those obtained for other similar materials 
indicate that the antimony(V) phosphate cation exchanger 
probably contains more active Ion exchange sites than 
others. Also, the diffusion rate, activation energy and 
activation entropy are, in general, lower on single salts 
than on the double salts. 
A comparison of the entropy changes between the 
forward and reverse processes in all the M^^-H^ exchanges 
reveals that the A S" values are more negative for the 
reverse processes than for the forw.ird ones. It may be due 
to a higher degree of ionization of a salt than of the 
corresponding acid. This behaviour is quite prominent for 
the Sr^'^-H"^ exchange. 
Chapter - 5 is entitled as 'A Novel Complexo-lon 
Exchange Method for the Selective Determination of Cadmium 
in Some Rock Samples Using Antimony (V) Phosphate Beads'. 
The method is based on the complex forming ability of EDTA 
and the adsorptio- ion-exchange bahaviour of antimony(V) 
phosphate." In these studies antimony(V) phosphate helps in 
decomposing the Cd-EDTA complex at a pHr^A and then adsorbs 
the free Cd^^ ions on its surface due to its high 
selectivity for this cation. The whole mechanism can be 
explained as follows: 
At pH - 4, 
'2 
M^^ + HoY^ MY + 2H^ 
The Cd - EDTA complex gets decomposed in the presence of 
SbP~-Na^ releasing Cd^^ ions: 
CdY^^ . 2H^ (SbP-)Na^^ Cd^^ . H2Y2-
and finally, Cd^^ ions get adsorbed on the SbP~-Na^ surface 
by the usual ion exchange process: 
2(SbP")Na'' > (SbP")2Cd^'" + 2Na^ 
The method has been employed for the estimation of 
cadmium in some rock samples where it is present in 
traces. Tables 8 and 9 summarize the resutls of the 
determination of cadmium in synthetic mixtures and rock 
samples respectively by the proposed method. 
Chapter - 6 deaJs with the 'Chromatographic 
Separation ofc><-Aniino Acids on Antimony{V) Phosphate Silica 
gel-G Plates from some Synthetic Mixtures and Drug 
Samples'. These studies reveal that the addition of 
antimony(V) phosphate cation exchanger to silica gel-G 
promotes a differential migration of cxl -amino acids 
(Figure 2), perhaps due to the combined effect of the ion 
exchange behaviour of SbP and the adsorption behaviour of 
the Si02 surface. Hence, the separations become possible. 
For instance, a separation of aspartic acid from glutamic 
acid possible in ethanol : benzene (1:1) solvent system on 
the SbP + silica gel-G (20:80) plates, whereas this 
separation could not be achieved on pure silica gel-G 
plates . Figure 3 summarizes the binary and ternary 
separation of different o< -amino acids in various solvent 
systems. The practical utility of the method has been 
illustrated by analyzing two drug samples (Table 10). 
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T A B L E - 4 
EFFECT OF TEMPERATURES ON THE ION EXCHANGE CAPACITY OF 
TIN (IV) ANTIMONATE 
Si. 
No. 
Temperature 
C O 
Time of 
heating 
(hour) 
Na -ion 
exchange 
capacity 
(meq/dry g) 
7p Retention Appearance 
(colour) 
1. 45 1 2.40 100.00 White 
2. 100 1 2.40 100.00 White 
3, 200 1 2.05 85.41 White 
4. 400 1 1.90 79.16 Light yellow 
5. 600 1 1.00 41.66 Yellow 
6. 800 1 0.98 40.83 Dirty yellow 
7. 400 4 1.50 62.50 Bright yello\ 
8. 800 4 0.55 22.91 Light yellow 
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T A B L E - 4 
FREUNDLICH ISOTHERM CONSTANTS FOR THE ADSORPTION OF 
PHOSPHAMIDON ON ANTIMONY (V) PHOSPHATE CATION EXCHANGER AT 
DIFFERENT TEMPERATURES 
30°C 
K 1/n 
2.53 1.10 
45°C 
K 1/n 
2.42 1.09 
60°C 
K 1/n 
2.31 1.07 
12 
TABLE - 4 
VALUES OF VARIOUS THERMODYNAMIC PARAMETERS FOR THE 
ADSORPTION OF PHOSPHAMIDON ON ANTIMONY (V) PHOSPHATE CATION 
EXCHANGER AT DIFFERENT TEMPERATURES 
Thermodynamic 
parameters 
A G ° 
(k Cal/mol) 
A S " 
(k Cal/mol/deg) 
Temperatures 
30°C 137 -2.96 5.61x10"^ 
45'C 125 -3.05 5.63x10'^ 
60°C 113 -3.13 5.62x10"^ 
A H ' (k Cal/mol) = -1.26 
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T A B L E - 4 
DETERMINATION OF CADMIUM IN PRESENCE OF OTHER INTERFERENTS 
SI. Interfering ion 
No. (ug) 
Cadmium (ug) 
Taken Found* 
7. Error Standard 
deviation 
(«8) 
1. Mn(II) 137.35 
68.68 
68.68 
281.03 
140.51 
281.03 
280.20 
139.16 
279.50 
-0.29 
-0.96 
-0.54 
0.025 
0.018 
0.032 
2. Co(II) 147.33 
73.68 
73.68 
281.03 
140.51 
281.83 
282.00 
140.00 
280.49 
+ 0.35 
-0.36 
-0.19 
0.032 
0.033 
0.022 
3. Cu(II) 158.85 
79.43 
79.43 
281.03 
140.51 
281.03 
279.00 
137.05 
282.35 
-0.72 
-2.46 
+ 0.47 
0.026 
0.040 
0.032 
4. Ni(II) 146.78 
73.39 
73.39 
281.03 
140.51 
281.03 
283.65 
141.35 
279.85 
+ 0.93 
+ 0.60 
-0.42 
0.035 
0.031 
0.021 
5. Fe(III) 139.63 
69.81 
69.81 
281.03 
140.51 
281.03 
282.27 
138.15 
278'. 03 
+ 0.44 
-1.68 
-1.06 
0.031 
0.020 
0.030 
6. A K I I I ) 67.45 
33.73 
33.73 
281.03 
140.51 
281.03 
279.17 
141.10 
282.00 
-0.66 
+ 0.42 
+0.35 
0.010 
0.030 
0.032 
7. Hg(II) 501.53 
250.76 
250.76 
281.03 
140.51 
281.03 
281.57 
141.06 
283.12 
+ 0.19 
+0.39 
+ 0.74 
0.014 
0.032 
0.013 
8. Mg(II) 60.80 
30.40 
30.40 
281.03 
140.51 
281.03 
281.65 
140.26 
282.06 
+ 0.22 
-0.18 
+ 0.36 
0.042 
0.030 
0.023 
9. Ca(II) 100.20 
50.10 
50.10 
281.03 
140.51 
281.03 
277.05 
141.00 
281.96 
-1.42 
+0.35 
+0.35 
0.038 
0.036 
0.015 
10. Ba(II) 343.40 
171.70 
171.70 
281.03 
140.51 
281.03 
280.23 
142.05 
280.40 
-0.28 
+ 1.10 
-0.22 
0.023 
0.032 
0.024 
11. Sr(II) 219.08 
109.54 
109.54 
281.03 
140.51 
281.03 
278.08 
139.00 
279.38 
-1.05 
-1.07 
-0.59 
0.020 
0.035 
0.023 
16 
TABLE 8 (CONTINUED) 
SI. 
No. 
Interfering ion 
(jug) 
Cadmium 
Taken 
(ug) 
Found" 
7o Error Standard 
deviation 
12. Zn(II) 163.45 281.03 283.08 + 0.73 0.030 
81.73 140.51 141.67 + 0.83 0.025 
81.73 281.03 282.65 + 0.58 0.015 
13. Pb(II) 518.03 281.03 281.89 +0.31 0.026 
259.01 140.51 141.65 +0.81 0.025 
259.01 281.03 282.06 + 0.36 0.037 
14. Bi(III) 522.48 281.03 281.94 +0.32 0.030 
261.24 140.51 141.35 +0.59 0.015 
261.24 281.03 283.06 +0.72 0.016 
15. Fe (83.78)+Cu (95. 31) 224.82 221.06 -1.67 0.026 
16. Fe (83.78)+Ni (88.07) 224.82 223.85 -0.43 0.032 
17. Fe (83.78)+Al (40. 47) 224.82 226.68 + 0.83 0.021 
18. Bi(313.49)+Pb(310. 82) 224.82 224.95 + 0.05 0.015 
19. Co (44.21)+Cu (47. 66) 84.31 85.04 + 0.86 0.017 
+Ni (44.03)+Al (20. 24) 
+Hg(150.46)+Pb(155. 41) 
+Fe (41.89)+Mg (18. 24) 
+Ca (30.06) 
Each result is a mean of five replicates. 
17 
T A B L E - 4 
DETERMINATION OF CADMIUM IN SOME ROCK SAMPLES BY THE PROPOSED METHOD 
Rock Amount of Cd per 25 ml of the rock Z Error Standard 
sample sample deviation 
Amount Amount found Average 
taken* 
(jug) (ng) (ug) 
(jug) 
GSP-1 6A0OO 61.80, 62.00, 61.80 -3.43 0.122 
61.80, 61.70, 
61.70 
AGV-1 57.00 58.20, 58.20, 58.24 +2.17 0.055 
58.30, 58.30, 
58.20 
G-4 73.00 74.20, 74.20, 74.16 +1.59 0.050 
74.11, 74.20, 
74.11 
C-6 82.00 84.20, 84.00, 84.08 +2.54 0.110 
84,00, 84.20, 
84,00 
"As verified by atomic absorption spectrophotometer. 
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Analytical Chemistry deaJs with the anaJysis of the 
substances. It is an intrinsic tool for the scientists in 
many fields such as geology, oceanography, and air and 
water pollution. Separation is an essential step in 
analytical chemistry because in many cases it is done prior 
to a determination. Distillation, selective precipitation, 
filtration, osmosis, reverse osmosis, extraction and 
chromatography are some of the widely used modern methods 
of separation, which are generally termed as 
non-instrumental methods of analysis. However, now-a-days 
there is no clear cut distinction between the instrumental 
and non-instrumental methods of analysis because of the 
recent advances in electronics which have led to the 
developments of the highly sophisticated instruments, thus 
encompassing majority of the noninstrumental methods within 
the domain of instrumental ones. 
Chromatography is a separation technique by which 
the components of a mixture are distributed between the two 
phases - stationary and mobile, it was originated by a 
Russian botanist Michael Tswett (1) in 1906 who first 
separated and isolated the green and yelJow chloroplast 
pigments by column adsorption. The key features of Tswett's 
technique were the application of the mixture as a narrow 
initial zone and the development of the chromatogram by the 
application of a fresh solvent. The excellent resolving 
power of the technique was proved only after 25 years by 
Kuhn, Winterstein and Lederer (2). Today, chromatography 
has no parallel in analytical chemistry in its simplicity 
and versatility. 
Chromatographic process can be classified according 
to the type of equilibration process involved, which is 
governed by the type of the stationary phase. Various bases 
of equilibration are: (1) adsorption, (2) solubility, 
(3) ion exchange, and (4) pore penetration. The stationary 
phase may be either a solid or a liquid, and the mobile 
phase may be a liquid or a gas. Thus, all the known types 
of chromatography fall into the four categories such as: 
liquid-solid, gas-solid, liquid-liquid, and gas-liquid as 
illustrated below: 
Phase 
[Stationary phase 
^Liquid Solid^ 
(LSC) 
^Gas Solid 
GSC ) 
\Liquid LiquidX \Gas Liquid 
(LLC) \ \ (GLC) 
EXAMPLES: 
LSC GSC LLC GLC 
1. Tswett's 
original 
chromato-
graphy, 
with 
petroleum 
ether 
solutions 
and CaCo^ 
columns 
2. Thin layer 
chromato-
graphy 
3. Ion 
exchange 
chromato-
graphy 
Gas solid 
chromato-
graphy 
(involves a 
column 
packed with 
an 
adsorbent) 
Partition 
chromato-
graphy 
on silica 
gel 
columns 
2. Paper 
chromato-
graphy 
Gas liquid 
chromato-
graphy 
(involves a 
solid with 
a stationary 
liquid as 
the solvent) 
In adsorption chromatography the stationary phase is a 
solid on which the sample components are adsorbed. The mobile 
phase may be a liquid (liquid-solid chromatography) or a gas 
(gas-solid chromatography). The components distribute between 
the two phases through a combination of adsorption and 
desorption processes. Thin-layer chromatography (TLC) is a 
special case of adsorption chromatography in which the 
stationary phase is a plane in the form of a solid supported on 
an inert plate. 
The stationary phase of partition chromatography is 
a liquid supported on an inert solid. Again, the mobile 
phase may be a liquid (liquid-liquid partition 
chromatography) or a gas (gas-liquid chromatography). Paper 
chromatography (PC) is a type of partition chromatography 
in which the stationary phase is the water-cellulose 
complex adsorbed on the sheet of paper. 
In molecular exclusion chromatography molecules are 
separated according to their size by their ability to 
penetrate a sieve-like structure (the stationary phase). It 
is also called size exclusion chromatography (SEC). Liquid 
size exclusion, steric exclusion, gel permeation, and gel 
filtration chromatography are all synonymous to SEC. 
The great power of liquid chromatography as a 
separation tool was widely recognized by the mid-1930s, but 
the idea of building an efficient, self-contained 
analytical instrument goes back to about two decades. The 
development of gas chromatography as an analytical techniqe 
ran parallel to the explosion in technology which brought 
a revolution in scientific instrumentation. By the late 
1960s, analysts became accustomed to the excellent 
separations of complex mixtures in minutes or even seconds, 
with electronic integration to obtain areas under elution 
bands as well as computer printouts of complete analyses. 
Nanogram, and sometimes even picogram quantities could be 
detected under favourable conditions, it was natural for 
people dealing with the nonvolatile samples, for which GC 
was inappropriate, to desire similar capability in liquid 
chromatography. 
The rate of distribution of solutes between "the 
stationary and the mobile phases in traditional liquid 
chromatography is largely diffusion controlled. Diffusion 
in liquids is extremely slow compared to that in gases. In 
order to minimize diffusion and the time required for the 
movement of sample components to and from the interaction 
sites in the column, two criteria should be met. First, the 
packing should be finely divided and should have high 
spherical regularity to allow for optimum homogeneity and 
packing density; and second, the stationary liquid phase 
should be in the fprm of a thin uniform film with no 
stagnant pools. The scientific efforts in this direction 
have led to the development of technique and equipment for 
high performance liquid chromatography (HPLC). Today, the 
technique has acquired a great dimension in analytical 
field. 
Affinity chromatography has become important in 
biomedical research. From the standpoint of experimental 
goals, it is generally a preparative rather than an 
analytical technique. It is based upon very subtle 
conformational differences among similar biological 
macromolecules to accomplish separations that would be 
exceedingly difficult or even impossible by other means. 
The basis for the separation is often closely related to 
the biological functions of the molecules. The isolation of 
an antibody is an example of the important application of 
affinity chromatography, viz. obtaining pure materials for 
the study of immunological reactions. Purification of 
bovine prothrombin also illustrates the great power of this 
technique (3). Two review articles (4,5) have summarized 
its applications appropriately. 
Ion Chromatography ( IC) is the name given to a 
fast and sensitive technique introduced by Small, Stevens, 
and Baumann in 1975. The chromatographic column is packed 
with the low-capacity surface active polystyrene beads, and 
is followed by a "suppressor" column of high capacity 
exchange that removes the excess of the acid or the base 
eluant and leave the ions of interest to be meausred by 
electrical conductivity. Ion chromatography has most often 
been used for the determination of low concentrations of 
anions where it appears to be the preferred analytical 
technique while there are competitive techniques (e.g. 
flame emission, absorption spectroscopy, electrochemical, 
etc.) for trace cations. There have been a number of 
reviews on this technique (6-10). The review by Pohl and 
Johnson (10) is particularly useful in that both suppressed 
and nonsuppressed techniques are covered. In the suppressed 
technique, a suppression column placed between the 
analytical column and conductivity detector removes ions 
from the eluant. In the nonsuppressed technique, very low 
capacity anion-exchange columns are used along with low 
concentration, low conductance buffers such as phthalate or 
benzoate. A new technology in IC suppression was reported 
by Stevens et al . (11) in which a hollow fiber suppressor 
based on a sulfonated low density polyethylene tube (ion 
exchange capacity 1 meq/g) replaces the conventional 
suppressor column. Cations permeate the fiber wall while 
anions are excluded by Donnan forces. 
In Paired Ion Chromatography, ion pairing 
occurs, when one or both of the ions are large and 
hydrophobic. It is more marked in the phase of lower 
dielectric constant. There are two ways to do paired ion 
chromatography. In one, the stationary phase is an aqueous 
solution containing the hydrophobic pairing ion in 
concentrated solution and held on an inert porous support, 
while the mobile phase is a nonpolar liquid like hexane. In 
the other, which is now more usual, the stationary phase is 
8 
octadecyl silica or another nonpolar sorbent, or else a 
nonpolar liquid supported on si]anized silica, while the 
mobile phase is a polar solvent, like water-methanol , and 
contains a hydrophobic pairing ion. This ion could be a 
cetyl trimethylammonium ion or a long chain sulfonate 
detergent thus giving the name "soap chromatography" to the 
technique (12). 
Ion-exchange chromatography is a universally known 
technique for the separation of ionic species. In this 
technique an ion exchanger (organic or inorganic) is used 
as the stationary phase. The mechanism of separation is 
based on the ion exchange equilibria. The materials acting 
as ion exchangers are insoluble solid substances or water-
immiscible liquids carrying exchangeable ions called 
counter ions. These counter ions can be exchanged for a 
stoichiometrically equivalent amount of other ions of the 
same sign, when the ion exchanger is in contact with an 
electrolyte solution. Carriers of exchangeable cations are 
called cation exchangers, and carriers of exchangeable 
anions, anion exchangers. Some materials are capable of 
both cation and anion exchanges. They are, therefore, 
called amphoteric ion exchangers. 
The process of ion exchange is not new. Its 
reference can be found in Holy Bible (13) which establishes 
Moses' priority, who succeeded in preparing drinking water 
from brackish water by an ion-exchange method. In 1623, 
Francis Bacon removed salt from sea water by a method based 
on ion exchange. Later on, Hales recommended the 
desalination of sea water by filtration through stoneware 
which might have acted as ion exchangers/sorbents. 
Such adsorption studies in technical applications 
Were performed in greater detail in the end of 18th 
century. In 1790, Lowitz purified sugar beet juice by 
passing it through charcoal. In the first half of the 19th 
century the principle of ion exchange was discovered on the 
basis of the works of soil chemists. It was observed by 
Gazzeri, in 1819, that soil and especially clay retains 
dissolved fertilizer particles. In 1826, it was suggested 
by Sprengel that humus frees certain acids from soil. 
Later on, Fuchs pointed out that the action of lime frees 
potassium and sodium from some clays. 
Thompson (14) and Way (15,16) may be credited for 
recognizing the phenomenon of ion exchange for the first 
time, who reported in 1850 that when a soil is treated with 
either ammonium sulfate or ammonium carbonate, most of the 
ammonia is adsorbed and calcium released. The process could 
be formulated as follows: 
Ca-Soil + (NH^)2S0^ = - Soil + CaSo^ 
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Eichorn (17) then proved that the adsorption of ions by 
clays from ground waters is a reversible reaction. However, 
it was only after about 60 years that the commercial 
development of ion exchange began with the synthesis of 
materials from clay, sand and sodium carbonate by Cans 
(18, 19). The first extensive use of natural zeolites such 
as greensand zeolite on an industrial scale was made by 
Harm and Rumpler (20) in 1903. Follin and Bell (21) 
determined ammonia in urine, using synthetic zeolites. The 
use of these materials was however limited in analytical 
chemistry due to their dissolution in acid solutions and 
peptization in alkaline solutions. 
The high molecular weight organic ion exchangers 
were found to be superior to the inorganic materials due to 
their stability under wide range of pH and reproducibility 
in preparation. The synthetic cation and anion exchange 
resins were prepared by Adams and Holmes (22) in 1935 from 
phenol and formaldehyde followed by the synthesis of resins 
from preformed polystyrene by D'Alcelio (23). Now-a-days we 
have a wide range of such resins having high chemical and 
mechanical stability suitable for a variety of 
applications. 
The fundamental principles underlying all ion-
exchange applications are based on a few simple facts 
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involving the exchange reactions: 
1. Equivalence of exchange. 
2. Selectivity or affinity preferences of the 
exchanger for one ion relative to another, 
including cases in which the differing affinities 
of the ions are modified by the use of complexing 
or chelating agents. 
3. Donnan exclusion - the ability, under most 
conditions, of the resin to exclude ions but not, 
in general, undissociated substances. 
4. Screening effect - the inability of very large ions 
or polymers to be adsorbed to an appreciable 
extent. 
5. Differences in migration rates of adsorbed 
substances down a column-primarily a reflection of 
differences in affinity. 
6. Ionic mobility restricted to the exchangeable ions 
and counter ions only. 
7. Miscellaneous - swelling, surface area and other 
mechanical properties. 
The exchange process between an ion exchanger (R ) 
containing exchangeable 'A^' ions and a solution containing 
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B ' ions (Figure 1.1) may be represented as below: 
+ B"" R B + A^ 1.1 
(Barred symbols denote exchanger phase) 
It is a reversible process and an equilibrium is 
eventually set up in which some of the ions initially 
present in the exchanger phase have been replaced by 'B'*"' 
ions from the solution phase. 
The selectivity of an ion exchanger is affected by 
the nature of its functional group and by the degree of its 
crosslinking. Exchangers containing weakly acidic and 
weakly basic groups are highly selective towards hydrogen 
and hydroxyl ions. Ion exchangers containing groups which 
are capable of complex formation with some particular ions, 
will adsorb these ions more strongly. If the degree of 
crosslinking increases the exchanger becomes more selective 
in its behaviour towards ions of different sizes. An 
increase in crosslinking also decreases the swelling of the 
exchanger. 
The popularity of inorganic ion exchange sorbents 
increased in the middle of this century, because of their 
use in the field of nuclear research. At that time, there 
was a need for some new ion-exchange materials and 
processes useful at high temperatures in the presence of 
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high ionization radiations and in highly acidic or 
oxidizing media. Common organic ion-exchange resins were 
found to be not suitable under these conditions due to 
their degradation and loss of ion-exchange properties. 
Oxides, hydrated oxides and the insoluble salts of 
polyvalent metals drew more attention in this 
regard (24-27). As the matrix plays an important role in 
the adsorption behaviour of inorganic ion exchangers the 
selectivity for different metal ions is governed by the 
adsorption characteristics of the matrix in addition to the 
ion exchange property of the material. Due to this reason 
inorganic ion exchangers have recently been found 
potentially useful in the preparation of ion selective 
electrodes (28). They are also used in the nulcear energy 
industries for the separation of selected nucleides from 
dissolved, spent nuclear fuels (29,30). 
Most of the inorganic ion exchangers have generally 
been found to possess the following qualities, to be 
practically useful: 
1. They are virtually insoluble within a reasonably 
wide range of pH. 
2. They have appreciably good ion exchange capacity. 
3. They show rapid sorption and elution behaviour. 
4. They show resistance to attrition. 
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5. It is always easy to prepare them so that the minor 
changes in the method or materia] used for their 
preparation do not cause major changes in their 
performance. 
6. They have high selectivity for certain metal ions. 
Last 30 years have seen a great upsurge in the 
researches on inorganic ion exchangers, the main emphasis 
being on the synthesis and characterization of chemically 
stable materials reproducible in ion exchange behaviour. 
Important advances in this field have been reviewed by a 
number of workers at the various stages like Fuller (31), 
Qureshi et al. (32), Vesely and Pekarek (33,34), Clearfield 
et al. (29,35), Abe et al. (36,37) and Alberti et al. (38). 
Besides, three books (27,30,39) published in this field, 
have provided a long term picture of this field. Dyer has 
dealt with the theories involved in zeolite molecular 
sieves (40,41), which have a direct relevance to the 
inorganic ion exchangers. 
On the basis of their chemical characteristics 
inorganic ion exchangers are classified as follows: 
1. Hydrous oxides 
2. Acidic salts of multivalent metals 
3. Salts of heteropolyacids 
4. Insoluble ferrocyanides 
5. Aluminosi1icates 
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Hydrous oxides are of particular interest because 
most of them can function both as cation and anion 
exchangers, and, under certain conditions, as amphoteric 
exchangers. Their dissociation may be schematically 
represented as follows: 
M - OH = = ^  M^ + OH" 1.2 
M - OH M - O" + H^ 1.3 
(M represents the central atom) 
Scheme 1.2 is favoured by acid conditions, when the 
substance can function as an anion exchanger, and scheme 
1.3 by alkaline conditions, when the substance can function 
as a cation exchanger. Near the isoelectric point (42), 
dissociation according to both schemes can take place and 
both types of exchange may occur simultaneously. 
Acidic salts of multivalent metals are formed by 
mixing the solutions of the salts of III and IV group 
elements of the periodic table with the more acidic salts. 
These salts acting generally as cation exchangers, are gel 
like or microcrystal1ine materials and possess mostly a 
high chemical, thermal and radiation stability (27,42,43). 
Salts of heteropolyacids have a general formula 
^ m ^ ' ^ 1 2 ^ 4 0 n i = 3, 4, or 5, X can be phosphorus, 
arsenic, silicon, germanium or boron, and Y, one of the 
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elements, such as molybdenum, tungsten, or vanadium. The 
salts of heteropolyacids with small cations are more 
soluble in comparison to the salts with large cations. 
Their hydrolytic degradation occurs in strongly alkaline 
solutions. 
Insoluble ferrocyanides can be precipitated by 
mixing the metal salt solutions with H^[Fe (CN)^], 
Na^[Fe(CN)g], or K^[Fe(CN)^] solutions. The compositions of 
such precipitates may depend on the acidity, order of 
mixing, and the initial ratio of the reacting components. 
They are chemically stable in acid solutions upto a 
concentration of 2M. Cu and Co f errocyanides have been 
found to be radiation resistant. They have found various 
applications in analytical chemistry and in technological 
practice because of their highly selective ion-exchange 
behaviour and chemical and mechanical stability. 
Aluminosilicates have been divided into three main 
groups: amorphous substances, two-dimensional layered 
aluminosilicates as synthetic analogues of clay minerals, 
and three-dimensional structures arising from a framework 
of [SiO^] and [AlO^]-^ (zeolites). The general formula of 
chemical composition of zeolites is Mx/n[ (AIO2 (Si02 ]ZH2O, 
where M is a metal cation with a valence n, and y/x usually 
varies from 1 to 5. Synthetic aluminosilicates are 
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analogous to their natural counterparts and hence can be 
classified as faujasite-, mordenite-, heulandite-, 
chabazite-, analcite-, and phillipsite - like zeolites, and 
other zeolites. 
Out of the different categories of the inorganic 
ion exchangers stated above the ones which have received 
much attention are the heteropolyacid salts such as 
ammonium molybdophosphate, complex cyanides, various acid 
zirconium salts such as phosphates, molybdates and 
tungstates, hydrous oxides of silicon, tin (IV) and 
zirconium(IV) and also a number of basic salts of metals in 
high oxidation states, particularly zirconium and titanium. 
These materials in acid solutions show high selectivity for 
heavy alkali metals Other^ materials as uranyl 
hydrogen phosphate (45,46), manganese (IV) oxyhydrate (47), 
stannic phosphate (48), aluminosilicate (Decalso) (49), and 
clay minerals (50) are also used for the separation of 
caesium by a cation exchange mechanism. 
Inorganic ion exchangers have been utilized for 
numerous important analytical applications, such as 
purification of substances on a large scale, separation of 
one ion from the other on a small ion exchange column, 
paper/thin layer chromatographic separations of metal ions, 
as column material in gas chromatography, for spot test 
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detections and to locate the end points in titrations. 
As they have good resistance against radiation and 
heat they are also very effective as semipermeable 
membranes. Dravniek.es and Bregman (51) constructed a heavy 
membrane (with a diameter of mm and a thickness of 
1 mm) consisting of pressurized zirconium phosphate in a 
carbon plate, which contained the electrodes. The membrane 
was used for the transition of H^ ions during fuel element 
production. Hydrous zirconium oxide (HZO) has recently 
become important in water desalination process due to its 
hyperfiltration properties. Dynamically formed membranes 
have led to this material showing promising self-rejection 
by virtue of Donnan electrolyte exclusion (52). 
The use of inorganic ion exchangers is well known 
in the nuclear energy industry for the separation of 
selected nucleides from dissolved spent reactor fuels. 
However, various naturally occurring zeolites were 
effective as catalysts for certain oxidative reactions. The 
first use of zeolite as a catalyst occurred in 1959. 
Jaeger (53) prepared a zeolite catalyst containing vanadium 
which was effective for the oxidation of sulfur dioxide to 
sulfur trioxide. Various other catalysts were developed 
from aluminium silicate gels to which were added alkali 
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metals and numerous other heavy metals (54). Jaeger's 
zeolite catalysts containing non exchangeable nickel, 
copper, or manganese were effective for several reduction 
reactions including ammonia synthesis (55), reduction of 
nitrobenzene to aniline and pyridine to piperidine (53), 
and the hydrogenation of naphthalene, acetylene and linseed 
oil (56). 
Amongst the new developments in the field of 
inorganic ion exchangers, intercalation compounds have 
played an important role. These compounds can be 
synthesized by introducing some organic molecules in the 
matrix of inorganic ion exchangers. Intercalation is 
concerned with the layered crystalline structure of some 
synthetic inorganic ion exchangers such as the insoluble 
acid salts of tetravalent metals. The intercalating 
properties were first discovered in 1965 by Michel and 
Weiss (57,58) . 
Zirconium phosphate has a number of superior 
properties as compared to other intercalating compounds. 
The layered structure of o^-Zr(HPO^)2H2O was given by 
Clearfield and Stynes (59). Apart from graphite (60) few 
other inorganic materials such as clays (61), chalcogenides 
of group IV and VB metals (62), crystalline silicic 
acids (63), zinc and copper hydroxides (64). potassium 
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niobate (65), Zn2Cr(OH)^Cl.2H2O (66) etc. are able to 
intercalate neutral molecules between the layers of their 
structure. 
Studies on the intercalation behaviour of layered 
phosphates led to the conclusion that various kinds of 
polar organic molecules can be adsorbed in the interlayer 
spacings of the ion exchange materials. Yamanaka has 
synthesized the organic derivatives of zirconium phosphate 
(67). It has a great scope because the variable sized 
interlayers can be obtained by the process of intercalation 
suitable for a particular separation using these materials. 
Many of the ion exchangers discussed above are 
ionic conductors, but very few exhibit fast ion conduction. 
Contrasting behaviour is shown by fast ion conductors such 
asv^-alumina and NASICON, which exchange ions but slowly 
from aqueous media and require forcing conditions for rapid 
exchange. These conductors contain partially occupied, 
interconnected channels or cavities. In the case of ion 
transport, barriers exist to the movement of ions from one 
site to the next. The ion may be considered to be situated 
in a potential well and require energy, Ea, to surmount the 
barrier (68). This barrier may take the form of narrow 
passage ways from one cavity to another or movement from a 
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lattice site to an interstitial site or created vacancy. 
Conduction requires single - ion movements, often in a 
concerted manner. Solid electrolytes such asy6 -alumina or 
NASICON do not swell and ion transport must occur by a 
concerted or interstitialcy mechanism. Thus, counter 
diffusion of ions cannot occur in these materials and E 
a 
values may be high for exchange at moderate temperatures. 
The barriers to exchange are overcome by using forcing 
conditions, such as exchange from fused salts, or under 
pressure, or heating in concentrated aqueous solutions 
where the exchange rate may then become quite appreciable. 
NASICON (Na super ion conductor) is the acronym for 
the solid solution series of composition 
• The structures of the phosphate end 
member (x=o) and the silicate end member (x=3) are known 
(69,70). A portion of the phosphate structure is shown 
schematically in Figure 1.2. It is rhombohedral, R3c, and 
consists of Zt2 anions (shaded portion) in which 
the zirconium atoms are octahedrally coordinated by oxygen 
atoms from six different phosphate groups. The anions are 
then linked together in three dimensions by the remaining 
phosphate oxygens. This arrangement produces cavities 
(labeled A in Figure 1.2) in which the sodium ions reside. 
-/S-Alumina is the name applied "historically" to a 
solid solution series of general formula ' 
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Fig. 1.2: Projection onto the ac plane of the NaZr2-
(PO^)^ structure showing cavity built up by 
linking of PO^ and ZrO^ groups. Shaded portion 
represents the Zr^CPO^)^ ion. 
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Its structure consists of Al^^Oj^^ spinel blocks separated 
by planes of sodium and oxygen atoms. These oxygen atoms 
bridge aluminum atoms in adjacent spinel blocks. The space 
group is hexagonal PG^/nimc with A° and c=^22.5 A° . 
The juxtaposition of Na^ and planar oxygen atoms is shown 
in Figure 1.3, v;ith the cation sites within the plane 
designated as Beevers-Ross (BR), antiBeevers-Ross (ABR), 
and mid-oxygen (mO) positions. Super ion conductors open 
the new era in the study of inorganic ion exchangers and 
have a great promise in future. 
Inorganic ion exchangers based on tin and antimony 
are generally found to have a greater stability both 
chemical and thermal as compared to the others of this 
class in addition to their promising ion-exchange 
behaviour. It was, therefore, considered worthwhile to 
further study such materials. Table 1.1 summarizes some 
important features of this type of materials. 
After the synthesis and characterization of an ion-
exchange material, it is important to understand the 
mechanism of its working. Thermodynamics and kinetics are 
the two basic approaches by which such an understanding is 
possible. Following pages summarize the essential features 
of these aspects of ion exchange. 
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Fig. 1.3: Schematic representation of the conduction 
plane in ^ -al umlna showing the various ion 
sites. The oxygen atom positions are 
represented by crosses, the mid-oxygen (mO) 
sites by filled circles, Beevers-Ross (BR) 
sites by unfilled circles, and the antlBeevers-
Ross (ABR) sites by squares. Heavy lines denote 
the unit cell and dotted lines the 3x3 
supercell. 
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The thermodynamic equilibrium constant for an 
ion-exchange reaction (K^,) is represented by the equation: 
K^ = _ ! a 1 5 L .... 1.4 
and 3^+ are the activities of the exchanging 
ions. The exchange medium, may be aqueous, a variety of 
mixed and nonaqueous solvents, or a fused salt bath. K^ can 
also be obtained by the procedure of Gaines and Thomas 
(136) from the relation: 
K^ = Kj^  (fB+ / 1.5 
where 
K = . . . . 1 . 6 
^ V . V 
where K^ ^ is the correlated rational selectivity constant, 
and fg^ are the activity coefficients of the ions in 
the exchanger phase and X.^ and Xp, are the mole fractions 
A"*" D 
of the exchanging ions in the exchanger phase. Gaines and 
Thomas showed that (neglecting any solvent transfer). 
•1 _ log K^ = J log Kj^  d Xg^ 1.7 
Thus, by plotting log Kj^  as a function of X^^ over 
the entire composition range from RA to RB, one may extract 
the value of K^ from the area under the curve. 
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The equilibrium constant for the exchange reaction 
is related to the free energy by the relation 
A g ° = - RT In K^ 1.8 
Free energies, whether estimated theoretically or 
obtained from the experimentally determined values of the 
equilibrium constant for an exchange process, serve as a 
guide to the extent of exchange. Even if the free energy is 
unfavourable, an appreciable amount of exchange may still 
be possible by increasing the concentration of the ingoing 
ion to a large extent or removing the outgoing ion by 
volatilization or precipitation. Elevation of the 
temperature may also change the free energy in a negative 
direction, thereby increasing the extent of exchange. This 
change can be very large in the case of inorganic ion 
exchangers since they do not decompose upto a fairly high 
temperature. 
Recently, the adsorption of pesticides on inorganic 
ion exchangers has also been studied in these 
laboratories (137). The study has revealed that the 
adsorption is higher at a lower temperature and that the 
presence of an ion exchange material in soil greatly 
enhances its adsorption capability for the pesticide (138). 
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Thus 5 the presence of an inorganic material 
possessing a good ion exchange capacity may be useful in 
retarding effectively the movement of a pesticide which may 
otherwise have a harmful effect on crops. Further studies 
are, however, required to generalize the findings. 
The theory of ion-exchange kinetics is not as far 
advanced as that of ion-exchange equilibria. Nachod and 
Wood (139) have made the first serious and detailed attempt 
on this aspect of ion exchange. They have studied the 
reaction rate with which ions from solutions are removed by 
the solid ion exchangers or conversely the rate with which 
the exchangeable ions are released from the exchanger. 
Later on, Boyed et al. (140) have studied the kinetics of 
metal ions upon the resin beads and have given a clear 
picture of the particle and film-diffusion phenomena which 
govern the ion-exchange process. The former is valid at 
higher concentration while the latter at the lower ones. 
Kinetic studies give clues regarding the mechanism of ion 
exchange, the rate determining step and the rate laws 
obeyed by the system. 
Ion exchange has proved to be an important tool for 
environmentalists. It is often considered to be a 
technically and economically feasible alternative for 
removing toxic ions from groundwater. Ion exchangers are 
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employed in the chemical decontamination process for metal 
ion removal (141,142), regeneration of decontaminants and 
removal of the formulation chemicals from the coolant. 
Decontaminants can interact with both strong base and acid 
ion exchangers leading to a loss of the required chemical 
concentrations in the liquid phase for effectively 
decontaminating the radioactive deposits. Recovery of 
precious metals from industrial effluents, removal of 
arsenic and toxic inorganics recovery of important organics 
from paper, wine, cigarette and food processing industries, 
recovery of radioactive isotopes and separation of 
inorganics from environment are some of the important 
applications of ion exchange in this respect. 
Most of the analytical applications of ion 
exchangers are attributed to their selectivity for certain 
substances. Due to this reason they may be put into 
practical use most judiciously. Furthermore, many classical 
separation methods can be greatly speeded up by the use of 
an ion-exchange process. Although a large number of 
amorphous inorganic ion exchangers, selective for certain 
metal ions have come into existence (44,85,143-145), their 
main disadvantage has been that they have not been 
rigorously tested for the real applications. Recently, some 
attempts have been made in this direction. Zirconium (IV) 
and titanium (IV) arsenophosphates (146) and zirconium (IV) 
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arsenosilicate (147,148) have been used for the analysis of 
alloys and rocks. Such materials have also been utilized 
for the separation and determination of metal ions from 
some antacid drugs (149) and multivitamin - multimineral 
formulations (150). 
A PAN sorbed zinc silicate (151) has been used for 
the recovery of precious metal ions such as Pt^^ and Au^^. 
Also, a method has been developed for the recovery of 
silver from laboratory wastes (152). 
Detection and determination of metal ions is 
another novel aspect of analytical chemistry. Inorganic ion 
exchangers have found applications in this field too. For 
instance, a complexo ion-exchange method has been developed 
for the specific detection of iron and zirconium (IV) 
arsenophosphate beads (153). Similarly, a selective 
detection method for Fe (III) and Mo (VI) has been 
developed on antimony (V) silicate beads (154). 
It is clear from the above that inorganic ion 
exchangers have their own position in the field of 
separation science. So, it is always desirable to 
synthesize a new material which may have promising 
ion-exchange characteristics, chemical and thermal 
stability with good reproducibility and high selectivity 
for toxic metal ions. The following pages give an account 
of our efforts in this direction. 
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SYNTHESIS, CHARACTERIZATION, AND ANALYTICAL APPLICATIONS 
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INTRODUCTION 
Although a large number of inorganic ion exchangers 
have been prepared and studied so far (1), there is stiLl 
need to obtain a material which may have a better ion-
exchange capacity, reproducible properties, stability, and 
selectivity for a particular ion. These properties are 
important for a better utility of a material in separation 
science. Tin(IV) based inorganic ion exchangers (2-10) 
generally possess a greater stability both chemical and 
thermal as compared to the other materials of this class. 
The present study was undertaken with this view in mind. In 
this regard tin(IV) antimonate has been found to have a 
satisfactory behaviour. Antimonic acid and hydrated antimony 
oxides are known to have good ion exchange capacity 
(11-16). Presence of tin(IV) oxides in the matrix is 
perhaps responsible for its greater stability. 
The compound has been found to have a high 
selectivity for lead which is a chief polluting metal in 
the atmosphere. The common source of lead poisoning is the 
exhaust fumes from cars. About ninety percent of the lead 
present in the atmosphere comes from petrol fumes. Its 
accumulation in body leads to the poisoning and produces 
chronic illness characterized by severe anaemia and changes 
in kidneys and arteries. 
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Following pages summarize the synthesis, 
characterization and analytical applications of tin(lV) 
antimonate. Its utility has also been explored for the 
separation of lead(II) from some binary mixtures on its 
column. A tentative structure of the compound has also been 
suggested on the basis of these studies and IR spectroscopy. 
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EXPERIMENTAL 
Reagents 
The tin(IV) chloride used in this study was a 
C.D.H. (A.R.) product, while the potassium antimonate was a 
Loba Chemie product. All other reagents and chemicals were 
of AnalaR grade. 
Apparatus 
Spectrophotometry, pH metry, X-ray diffraction, and 
IR studies were performed by using a Bausch and Lomb 
Spectronic-20 spectrophotometer, an Elico pH-meter, Model 
LI-10, a Philips X-ray diffraction unit with a Mo K^^ 
target, and a Perkin Elmer spectrophotometer, Model-783, 
respectively. Heating effect on the ion-exchange capacity 
and weight loss was studied manually in a muffle furnace. 
Preparation of the Reagent Solutions 
A solution (0.05M; 1M=1 mol dm~^) of tin(IV) 
chloride (SnC1^.5H20) was prepared directly in deionized 
water, obtained by passing the tap water through a 
deionizer plant (CA-20/U and CA-60/U). Potassium antimonate 
[KSb(OH)g] was dissolved in 5.8 M HCl solution to obtain a 
0.05M solution. 
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Synthesis of the Ion-Exchange Material 
A number of samples of tin(IV) antimonate were 
prepared by mixing the solutions of tin(IV) chloride (0.05M) 
and potassium antimonate (0.05M) in different volume ratios, 
as given in Table 2.1. The pH of the resulting gel was fixed 
in the range 0-1 by adding aqueous ammonia with constant 
stirring. The gel thus obtained was kept for 24 hours at 
room temperature (^30°C) and filtered by suction. The 
excess acid was removed by washing with deionized water and 
the material was dried in an air oven at 45°C. It was then 
cracked into small granules by putting in deionized water. 
The granules so obtained were of the uniform size suitable 
for column operation. They were converted into the H^-form 
by treating with IM HNO^ for 24 hours with occasional 
shaking, intermittently replacing the supernatant liquid 
with a fresh acid. The material thus obtained was finally 
washed to remove the excess acid and then dried at 45°C. It 
was then sieved to obtain particles of uniform size (50-72 
mesh) before using for further studies. On the basis of its 
capacity and apparent stability in acids and bases, sample 
TA-2 was selected for all the studies. 
Ion Exchange Capacity (i.e.c.) 
The i.e.c. was determined as usual by the column 
process taking 1 g of the exchanger (H'^-form) in a glass 
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tube of internal diameter (i.d.) cm, fitted with the 
glass wool at its bottom and passing through it the eluant 
(-^250 ml) and maintaining a very slow flow rate (^-^0.5 ml 
min The effluent was titrated against a standard alkali 
solution to find out the total H"^  ions eluted. Table 2.2 
summarizes the value of i.e.c. for various metal ions. 
Effect of Eluant Concentration on the i.e.c. 
The extent of elution was found to be dependent on 
the concentration of the eluant. Hence, a fixed volume 
(250 ml) of the NaNO^ solution of varying concentrations was 
passed through a column containing 1 g of the exchanger 
keeping a standard (0.5 ml min flow rate and effluent was 
titrated against a standard alkali solution for the H^ ions 
eluted out. Figure 2.1 and Table 2.3 show the amount of H^ 
ions eluted out by using the eluant of different 
concentrations. 
Elution Behaviour 
Since the optimum concentration for a complete 
elution was observed to be IM (Figure 2.1), a column 
containing Ig exchanger was eluted with a NaNO^ solution of 
IM concentration in different 10 ml fractions with a minimum 
flow rate as described above. This experiment was conducted 
to find out the minimum volume necessary for a complete 
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elution of the H^ ions, which reflects the efficiency of the 
column. Figure 2.2 shows the elution behaviour of the 
exchanger. 
Composition 
100 mg of the powdered sample was dissolved in a 
minimum amount of concentrated HCl. The solution was then 
diluted to 250 ml with 4M HCl and the amount of tin and 
antimony was determined as follows: 
(a) Determination of tin - Tin was precipitated with a 
freshly prepared 67o aqueous solution of cupferron from an 
acidic solution cooled at 10°C. It was filtered through a 
lose texture paper containing a small amount of paper pulp. 
The paper and precipitates were thoroughly washed, first 
with a cold H2So^ solution (1:9) containing Ig of cupferron/ 
litre and then with a cold dilute cupferron solution (Ig 
1 ignited and weighed as Sn02 (17). 
(b) Determination of antimony - The filtrate was analyzed 
for antimony after destroying cupferron with perchloric 
acid. It was evaporated to dryness and the residue was 
collected in a weighed crucible, blasted in a muffle furnace 
at 900°C and weighed as Sb20^. 
These studies suggest a molar composition of the 
compound as Sn:Sb = 2:11. 
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TABLE - 2.2 
ION EXCHANGE CAPACITY OF TIN (IV) ANTIMONATE 
FOR VARIOUS METAL IONS 
SI. Metal ion solutions Ion exchange capacity 
No. (meq/dry g) 
1. LlCl 2.17 
2. NaNO^ 2.40 
3. KCl 1.95 
4. Mg(N03)2 2.20 
5. Ca(N03)2 3.12 
6. Sr(N03)2 3.44 
7. BaCl2 3.30 
8. NH,NO. 4.93 
4 3 
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TABLE - 2.3 
EFFECT OF ELUANT CONCENTRATION ON THE ION EXCHANGE CAPACITY 
SI. Concentration of NaNO^ Ion exchange capacity 
No. (M) (meq/dry g) 
1. 0.2 1.97 
2. 0.4 2.14 
3. 0.6 2.12 
4. 0.8 2.37 
5. 1.0 2.40 
6. 1.2 2.40 
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Fig. 2.1: Concentration plot of tin (IV) antimonate 
cation exchanger. 
59 
o 
CO 
o O 
O 
o 
C D 
d 
X 
o 
rvj 
d 
C D 
o 
OJ C30 
q d q d 
o 
vf 
<>4 
o 
rvj 
O o 
rsj 
O 
C O 
O 
to 
o 
^ c 
^ <u 
>4— 
O H-
o oj 
o ^ 
o o £ 
5 
o 
to 
o 
o 
fvi 
O 
o 
o 
d 
c 
o 
•l-l 
•u 
ra 
O 
0) 
CO 
C 
o 
B 
iJ 
c 
eo 
> M 
c 
•w 
u 
0 
p 
3 
0 
> 
£ 
01 
§ 
•H 
4J 
3 
I—( 
0) 
0) 
JJ 
M 
C 
» 
o 
x ; 
u 
w • 
e « cu 
i-i &0 
60 c 
0 
4J JS 
cn u 
•H X 
cu 
CNJ 
• 
CM 
p3sea]aj s8)ouj -uj 
60 
•H 
60 
Chemical Stability 
The solubility of tin (IV) antimonate in various 
solvents was determined by the method given below: 
200 mg portions of the material were kept with 
20 ml of the solvent for 24 hours at room temperature with 
intermittent shaking. Antimony was determined quantitatively 
in the supernatant liquid as follows: 
To the 2 ml portion of the above solution were 
added 1.0 ml of 9M H2So^ and 5 ml of KI reagent (11.2g of 
KI + 2g of ascorbic acid in 100 ml water). The colour so 
developed was diluted to 10 ml with water in a standard 
volumetric flask and the absorbance was measured after 2-3 
minutes at 425 nm against a reagent blank (18). 
The amounts in ppm of antimony found in the various 
solvents after the above treatment are given below in 
parentheses : 
DMW (1.71), IM CH3COOH (1.11), 2M HCl (2.05), 4 M 
HCl (4.09), IM HNO3 (0.77), 2M HNO3 (1.02), 4M HNO3 (1.37), 
IM H2S0^ (1.24), 2M H2S0^ (2.44), IM HCIO^ (0.68), 2M HCIO^ 
(0.94), O.IM NaOH (0.98), IM NaN03 (0.08), IM KNO3 (0.21), 
IM NH^N0 3 (0.21) . 
It dissolved appreciably in O.IM KOH solution. 
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pH Titrations 
pH titrations were performed by the method of Topp and 
Pepper (19). 500 mg of the exchanger were placed in each of 
the several 250 ml conical flasks, followed by the equimolar 
solutions of alkali and alkaline earth metal chlorides and 
their hydroxides in different volume ratios, the final 
volume being 50 ml, to maintain the ionic strength constant. 
The pH of the solutions was recorded after 24 hours to find 
out the time required for equilibrium.lt was observed that 
the equilibrium was achieved in 12 days. Figure 2.3 shows 
the pH-titration curves after keeping the mixture for such a 
time period. 
Thermal Stability 
For thermal stability several Ig portions of the 
exchanger were heated at various temperatures in a muffle 
furnace, and the ion exchange capacity was determined as 
above by the column process after cooling them to the room 
temperature. The results are shown in Table 2.4. 
Thermogravimetric analysis (TGA) 
For studying the weight loss in the material, 50 mg 
sample in H^- form was taken. It was done manually in a 
muffle furnace. Weight loss was recorded on heating the 
materia] at different temperatures for 1 hour each. 
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TABLE - 2.2 
EFFECT OF TEMPERATURES ON THE ION EXCHANGE CAPACITY OF 
TIN (IV) ANTIMONATE 
SI. 
No. 
Temperature 
( " O 
Time of 
heating 
(hour) 
Na -ion 
exchange 
capacity 
(meq/dry g) 
7o Retention Appearance 
(colour) 
1. 45 1 2.40 100.00 White 
2. 100 1 2.40 100.00 White 
3. 200 1 2.05 85.41 White 
4. 400 1 1.90 79.16 Light yellow 
5. 600 1 1.00 41.66 Yellow 
6. 800 1 0.98 40.83 Dirty yellow 
7. 400 4 1.50 62.50 Bright yellov 
8. 800 4 0. 55 22.91 Light yellow 
NaOH/NaCl 
KOH/KCl 
LiOH/LlCl 
C a ( O H ) 2 / C a C l 2 
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Fig. 2.3: Equilibrium pH titration curves 
antimonate cation exchanger. 
of tin (IV) 
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Figure 2.4 shows the thermogram and its differential (DTG). 
IR Studies 
The IR spectra of tin(IV) antimonate were taken by 
the KBr disc method and are shown in Figure 2.5, for the 
various samples heated at different temperatures. 
Distribution Studies 
Distribution studies were performed on a sample of 
tin(IV) antimonate (TA-2) for different metal ions in 
various solvents as follows: 
200 mg of the exchanger beads in H ^ form were 
equilibrated with the selected solvents "(20 ml) by keeping 
it at room temperature for 24 hours. The initial metal ion 
concentration was so adjusted that it may not exceed 2% of 
the total ion-exchange capacity of the material and the 
determination was carried out volumetrically using EDTA as 
titrant (20), while the concentration of alkali metal ions 
was determined by the flame photometer. 
The Kd values, as summarized in Table 2.5, were 
obtained by the formula 
Kd = ^ F ^ "X" 
where 
I = I.iitial amount of the metal ion in the solution 
phase. 
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F = Final amount of the metal ion in the solution 
phase-
V = Volume of the solution (ml). 
A = Amount of the exchanger (g). 
Separations Achieved 
The 60-100 mesh sized particles of the exchanger 
(2g) in H^- form were used for the column separation in a 
glass tube, having an internal diameter of ^ 0 . 6 cm. The 
column was washed thoroughly with deionized water and the 
mixture to be separated was loaded on it, maintaining a flow 
rate of 2-3 drops/min. The separation was achieved by 
passing a suitable solvent through the column as eluant and 
the metal ions in the effluent were determined quantitatively 
by EDTA titrations. The salient features of these separations 
are given in Table 2.6 and Figure 2.6. 
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Fig. 2.4: Thermogravimetric (TGA) and differential thermogravi-
metric (DTG) curves of tin (IV) antimonate cation 
exchanger. 
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RESULTS AND DISCUSSION 
The most exciting feature of these studies Is the 
unusually high ion-exchange capacity of the material 
prepared i.e. tin(IV) antimonate. A comparison shows that it 
is superior to the other tin(lV) based inorganic ion 
exchangers prepared so far in terms of their i.e.c. and 
thermal stability (Figures 2.7 and 2.8 and Table 2.7). A 
study of the percent retention of the i.e.c. on heating to 
various temperatures indicateSj the material (TA-2) does not 
lose its i.e.c. upto 1 0 0°C. An appreciable i.e.c. is 
retained ( 4 1 7 o ) even on heating it upto 800°C which is an 
important feature. The mixed oxides produced on heating the 
material upto such a high temperature are perhaps converted 
into their hydrated forms when treated with water giving 
rise to the presence of its ion-exchange capacity. The 
material also shows reproducibility in properties as is 
evident from the fact that tin(IV) antimonate obtained in 
various batches does not show any appreciable deviation in 
its ion-exchange properties. Chemical stability of the 
material is also observed to be quite high. As the results 
indicate only a negligible amount of the exchanger is 
dissolved in various solvents out of the 200 mg taken for 
its chemical stability. The study reveals that the starting 
materials used for the preparation of the ion exchanger are 
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important. The material produced by using potassium 
antimonate [KSb (OH)^] seems to possess better ion-exchange 
properties as compared to the one prepared by using 
antimony (V) chloride (2). No definite explanation can 
however, be given at the moment regarding this behaviour. 
The column elution experiments indicate a dependence 
of the concentration of the eluant on the rate of elution as 
shown in Figure 2.1 which is a usual behaviour for such 
materials. The minimum molar concentration of NaNO^ as 
eluant is IM for the maximum release of H^ ions from a Ig 
column of the exchanger. The elution is appreciably fast as 
only 110 ml of the effluent is sufficient for almost 
complete elution of the H^ ions from its column. 
The pH titration curves obtained under equilibrium 
conditions are shown in Figure 2.3 for LiOH/LiCl, NaOH/NaCl, 
KOH/KCl, and Ca(OH)2/CaCl2 systems. It is clear from the 
figure that the inflection points for the exchange of alkali 
metals resemble with the i.e.c. obtained experimentally by 
the column process (2.4 meq/dry g). The pH titration curve 
for Ca^^, however, does not show any inflection point which 
may be due to a mixed adsorptio - ion exchange process 
occurring on the matrix. Further, beyond 2 m moles of OH 
ions added, an extensive hydrolysis of the exchanger 
occurs. 
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Thrmogravimetric and IR studies (Figure 2.4 and 2.5) 
point to the following tentative formula of the compound 
Sn2 nH20 
Assuming that at 100°C only the external water 
molecules are lost, the 5.21 loss represented by the TGA 
curve must be due to the loss of nH20 from the above 
structure. The value of 'n', the external water molecules 
can be calculated using Alberti's equation (21): 
18n = ^ 18n) 
100 
Where, x is the % weight loss (5.2%) in the exchanger on 
heating upto 100°C and (M+I8n) is the molecular weight of 
the material. The calculation gives the external water 
molecules (n) per molecule of tin(IV) antimonate as 8. 
The differential thermogram (DTG) gives a better 
view of the changes corresponding to the two inflections in 
the TGA curve (Figure 2.4). The sharp peak at ^ 100°C 
represents the loss of external water molecules while the 
other broad one is due to the condensation process which 
continues u p t o ^ 5 0 0°C. Beyond this temperature the material 
might have completely changed into the oxides that is why no 
further weight loss occurs. 
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The IR studies confirm the presence of the external 
water molecules in addition to the OH-groups and the metal 
oxides (SnO and Sb20^) present internally in the material 
(22). The peaks at 1400-1500 cm~^ and ^ 3 0 0 0 cm~^ are 
representative of the external water molecules, the former 
being also representative of the strongly bonded OH groups 
in the matrix. As Figure 2.5 indicates these peaks are 
observed even when the material is heated at a much higher 
temperature. It may be due to the absorption of water 
molecules by the material from the atmosphere during its 
cooling. X-Ray studies point to the amorphous nature of the 
exchanger as no peaks are observed in the diffraction 
pattern. 
The most promising analytical property of the 
compound is its extraordinary high selectivity for lead. 
When the separation of lead from other metal ions was tried 
on its column, lead was found to be totally adsorbed. Its 
leaching was not possible even in an eluant consisting of 4M 
HCl + 4M KCl. An insoluble lead antimonate might have formed 
on the surface. Lead antimonate is a well known inorganic 
ion-exchanger (23). The experimental details of some 
representative separations of Pb(II) from Al(III), Fe( 111) 
and Mg(II) are given in Table 2.6. Thus, the material 
can be utilized for the removal of lead from the 
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mixtures containing this and several other metal ions. This 
property of tin(lV) antimonate must be useful in the 
environmental studies. Other binary separations obtained on 
the TA column are A K I I I ) - Fe (II I) , A](III) - Mg(II), and 
Mg(II) - Fe(III). Table 2.6 and Figure 2.6 illustrate the 
salient features of these separations. 
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TA ( ) - Sn(IV) antimonate 
TA (>'>-") - Sn(IV) antimonate 
TAP Sn(IV) arsenophosphate 
TP Sn{IV) phosphate 
TM Sn(IV) molybdate 
TT Sn(IV) tungstate 
TA TA TAP TP TM T"^  
( 
Inorganic ion exchongers 
(") = Prepared in the present studies 
("") = Prepared earlier (Reference No. 2) 
Fig. 2.7: A comparative statement of the ion 
exchange capacity of various 
inorganic ion exchangers. 
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Fig. 2,8: Effect of heating on the I.E.G. of various 
inorganic ion exchangrs. 
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THE ADSORPTION OF PHOSPHAMIDON ON THE SURFACE OF 
ANTIMONY (V) PHOSPHATE : A THERMODYNAMIC STUDY 
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INTRODUCTION 
The use of pesticides has been a regular practice 
in our society as they greatly improve the yields of farms, 
facilitate storage, and even control the spread of insect-
borne diseases. However, an excessive and frequent 
application of pesticides has Jed to the increasing 
concerns about the residues that are left in the 
environment, as they are likely to be taken inbythe humans 
through the food they eat, the water they drink, and the 
air they breath. Because of this_, the toxicity of pesticides 
at residual concentrations has become a popular focus of 
interest for toxicologists,environmentalists,chemists and 
biochemists. The adsorption of pesticides on soils has been 
a significant feature (1-4), which is affected by the 
presence of metal ions in soils as they have an important 
role in modifying its nutritional status. 
Inorganic ion exchangers are known to be selective 
for various metal ions (5) and hence their presence in soil 
may have some far-reaching consequences. A preliminary 
study has revealed that these materials are likely to 
increase the adsorption capacity of soils for pesticides 
when mixed with them (6-8). In order Co explore further 
this behaviour of inorganic ion exchangers for different 
pesticides, a broad-spectrum systemic insecticide, 
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phosphamidon ( C^qH^^gClNO^P) has been selected here as an 
adsorbing species and antimony (V) phosphate (SbP) as an 
adsorbent. The results of the thermodynamic study of the 
system are summarized in the following pages. 
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EXPERIMENTAL 
Reagents and Chemicals: 
Antimony (V) chloride (SbCI^) (Fluka, Switzerland) 
used in this study was of approximately 98% purity and the 
trisodium orthophosphate (Na^PO^.12H2O) was a BDH (Poole, 
England) product. Phosphamidon was obtained from Hindustan 
Ciba Geigy L t d . (India). All other reagents and chemicals 
were of AnalaR grade. 
Apparatus: 
A waterbath incubator-shaker having a temperature variation 
of was used for all the equilibrium studies. The 
spectrophotometric studies were made using a Bausch and Lomb 
Spectronic-20 spectrophotometer. 
Preparation of the Reagent Solutions: 
A stock solution (1.58M) of antimony (V) chloride 
was prepared in 4M HCl to avoid its h y d r o l y s i s . Further 
dilutions were also made in 4M H C l . Trisodium orthophosphate 
was dissolved directly in demineralized water (DMW) to 
prepare its solution of a desired concentration. 
Synthesis of Antimony (V) Phosphate Cation Exchanger; 
Antimony (V) phosphate was synthesized (9) as 
fol1ows: 
100 
Antimony (V) chloride (O.IM) and trisodium 
orthophasphate (0.05M) solutions were mixed in a volume 
ratio 1:1 adjusting the pH of the solution at 0 - 1 , The gel 
thus obtained was kept for 24 hours at room temperature 
and filtered by suction. The excess acid was 
removed by washing with DMW and the material was dried in an 
air oven at 45°C. It was then cracked into small granules by 
putting in D M W , and these were converted into the H^-form by 
treating with approximately IM HNO^ for 24 hours with 
occasional shaking and intermittently replacing the 
supernatant liquid. The material thus obtained was finally 
washed to a pH 6-7 and dried as above before sieving to a 
uniform size (60-100 mesh). The Na^- ion exchange capacity 
obtained by column process was found to be 1.75 meq/dry g . 
Adsorption Thermodynamics: 
Portions (0.2g) of the antimony (V) phosphate (H"^-
form) were taken in various stoppered conical flasks 
containing 20 ml phosphamidon solutions of different 
concentrations (100 to 1000 mg litre at the desired 
temperatures (30, 45 and 60°C) and the mixtures were shaken 
for 2 hours to attain equilibrium (Figure 3.1). The 
supernatant liquid, was then analyzed spectrophotometrical1y 
(10) for the presence of phosphamidon. The phosphamidon 
solutions were also analyzed similarly prior to their mixing 
with the exchanger to obtained the initial amount. 
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RESULTS AND DISCUSSION 
The adsorption of phosphamidon on antimony (V) 
phosphate at all the three temperatures (30, 45 and 60°C) is 
represented by the isotherms shown in Figure 3.2. All the 
isotherms adequately follow a Freundlich adsorption 
behaviour and can be represented by the equation 
x/m = KC^/" 3.1 
where x/m is the surface concentration of phosphamidon in 
mmoles per gram of the e x c h a n g e r , C is the equilibrium 
concentration of phosphamidon in mmoles ml ^ and K and 1/n 
are the constants determined from the intercepts and slopes 
of the straight lines respectively (Figure 3.3) fitted to 
the points by the 1 east squares method. The values so obtained 
are listed in Table 3.1. 
Thermodynamic parameters are calculated from the 
variation of the thermodynamic equilibrium c o n s t a n t , K ^ , (or 
the thermodynamic distribution coefficient) with the change 
in temperature. K^ for the adsorption reaction can be 
defined as follows: 
K . ^s _ ^ s Cs 
' ' o — - ^ • • • • 3 . 2 
ag K g Ug 
where a is the activity of the adsorbed solute, a is the 
S Q 
activity of the solute in solution at e q u i l i b r i u m , C is the 
s 
100 
surface concentration of phosphamldon in mmoles per gram of 
exchanger,Cg is the concentration of phosphamidon at 
equilibrium in mmoles is the activity coefficient 
o 
of the adsorbed solute, and 9 is the activity coefficient 
of the solute in solution. 
As the concentration of the solute in the solution 
approaches zero, the activity coefficient approaches unity 
reducing equation 3.2 to the following form: 
lim = ^ ^^^^ 3_3 
C s - ^ 0 C^ a^ o 
Values of K are obtained by plotting In ( C ^ / C ) versus C^ 
O S c S 
and extrapolating C to zero (2). A straight line o b t a i n e d , 
is fitted to the points based on least squares analyses. Its 
intercept with the vertical axis gives -^the value of K ^ 
(Figure 3 . 4 ) . Standard free energy changes ( AG°) for 
interactions are calculated (11) from the relationship: 
A g ° - - RT In K 3.4 
o 
where R is the universal gas constant and T is the 
temperature in degrees K e l v i n . The average standard enthalpy 
change ( A H°) is then calculated from the well known Van't 
Hoff isochore equation: 
,n [ - ^ 1 i - i ] .... 3.5 
KqTX T3 T^ 
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and standard entropy changes ( A s°) are calculated using the 
equation: 
A G ° = A H ° - T A S ° 3.6 
The values obtained are shown in Table 3 . 2 . A 
n e g a t i v e value of standard enthalpy change (AH°) indicates 
that the p h o s p h a m i d o n - exchanger interaction is an 
e x o t h e r m i c p r o c e s s . It is supported by the adsorption 
isotherms plotted at d i f f e r e n t temperatures (Figure 3 . 1 ) . 
Since the free energy changes are negative accompanied by a 
positive entropy c h a n g e , the reactions are spontaneous w i t h 
a h i g h affinity for p h o s p h a m i d o n (12). As the results 
i n d i c a t e , the adsorption of p h o s p h a m i d o n on the surface of 
antimony (V) phosphate is about 55-60% of the total amount 
a d d e d . This value is h i g h e r as compared to the adsorption of 
carbofuran on antimony (V) silicate and tin (IV) 
arsenosilicate studied earlier (6,8). 
The mechanism of adsorption of phosphamidon on the 
surface of the exchanger can be explained as follows: 
The replaceable H^ ions of the changer may get 
interacted with the carbonyl (> C = 0) and phosphonyl ( ^ P=0) 
groups present in the structure of p h o s p h a m i d o n thus causing 
a marked localization of the attractive forces as shown 
below: 
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P = 0 
0 
C - CH, 
2X-H + Cl-C 
C = 0 
C2H5 C2H3 
C - CH-
C l - C 
C = 0 H 
N 
C2H5 •C2H3 
2 + 
2X 
where X stands for the exchanger matrix. 
The adsorption decreases with an increase in 
temperature probably because of the weaker forces of 
attraction operating at higher temperatures. 
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TABLE - 5.1 
FREUNDLICH ISOTHERM CONSTANTS FOR THE ADSORPTION OF 
PHOSPHAMIDON ON ANTIMONY (V) PHOSPHATE CATION EXCHANGER A T 
DIFFERENT TEMPERATURES 
30°C 
K l/ii 
2.53 1.10 
AS'C 
K 1/n 
2.42 1.09 
60°C 
K 1/n 
2.31 1.07 
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TABLE - 4.2 
VALUES OF VARIOUS THERMODYNAMIC PARAMETERS FOR THE 
ADSORPTION OF PHOSPHAMIDON ON ANTIMONY (V) PHOSPHATE CATION 
EXCHANGER AT DIFFERENT TEMPERATURES 
Thermodynamic 
parameters 
K A G ° 
(k Cal/mol) 
A S ° 
(k Cal/mol/deg) 
Temperatures 
30°C 
45°C 
60°C 
137 
125 
113 
•2.96 
•3.05 
•3.13 
5.61x10 
-3 
5.63x10 
-3 
5.62x10 
- 2 
A h ° (k Cal/mol) = -1.26 
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F i g . 3.3: Freundlich isotherms for the adsorption of 
phosphamidon on antimony (V) phosphate 
cation exchanger at three different 
temperatures. 
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phosphate cation exchanger at three different 
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INTRODUCTION 
The kinetic studies tell us about the m e c h a n i s m , 
rate determining step and the rate laws obeyed by a 
chemical p r o c e s s . Kinetics of ion exchange emphasises these 
aspects in an ion exchange p r o c e s s . H e n c e , in order to 
understand the mechanism underlying an adsorption/exchange 
process it is important to deal with the kinetic behaviour 
of the material for the exchange of various metal ions. 
Though many such studies have been reported on 
organic resins, inorganic ion exchangers have found 
relatively less attention perhaps because of the late 
revival of the interest in these substances. Since these 
materials are closely related to the natural zeolites in 
their p r o p e r t i e s , a kinetic model (1) developed for the 
latter may serve well the purpose of understanding the ion 
exchange properties of the former. 
Out of the total kinetic studies made so far on 
inorganic ion exchangers most (2-15) are based on the old Bt 
Criterion (16) which should be useful only for an isotopic 
exchange process in which the ions have similar effective 
diffusion c o e f f i c i e n t s . However, in a true ion exchange 
phenomenon, different mobilities (17) of the exchanging ions 
are involved and hence for such a case Nernst-Planck 
equations (18,19) are more appropriate for obtaining the 
values of the various kinetic parameters (20-24) p r e c i s e l y . 
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The present chapter summarizes the results of our 
study on kinetics of alkaline earth metal ion exchanges on 
the surface of antimony (V) phosphate cation e x c h a n g e r . 
Reverse exchange phenomena have also been studied for the 
purpose of comparing the results with those of the forward 
process o c c u r r i n g . 
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EXPERIMENTAL 
Reagents and Chemicals: 
Antimony (V) chloride (SbCl5) (Fluka, Switzerland) 
used in this study was of 98X purity and the trisodium 
orthophosphate (Na^PO^.12H2O) was a BDH (Poole, England) 
p r o d u c t . All other reagents and chemicals were of AnalaR 
g r a d e . 
Apparatus: 
A water bath incubator shaker having a temperature 
variation of + 0.5°C was used for the equilibrium studies. 
Synthesis of the Ion Exchange Material : 
Antimony (V) phosphate was synthesized by the method 
described in Chapter 3. 
Determination of the Infinite Time of Exchange: 
The infinite time of exchange is considered to be 
the time which is necessary to obtain equilibrium in an ion 
exchange p r o c e s s . The ion exchange rate becomes unaffected 
with time after this time interval . As is evident from 
Figure 4.1 about 5 minutes are required for the equilibrium 
to establish at 35°C for exchange. Similar behaviour 
is observed for C a ^ ^ - H ^ , Sr^^-H^ and Ba^^-H^ exchanges. The 
100 
experiments w e r e , therefore done upto 30 minutes. This time 
was assumed to be the infinite time of exchange for this 
system. 
Kinetic Measurements: 
The exchanger samples were ground and then sieved to 
obtain particles of definite mesh sizes (25-50,50-70, 70-100 
and 100-150). Out of them the particles of mean radii 
^^125 Jam (50-70 mesh) were used to evaluate various kinetic 
parameters. The rate of exchange was determined by the 
limited bath technique as follows: 
(a) For the forward process: Twenty milliliter fractions of 
the 0.05M metal ion solutions prepared in DMW were shaken 
with 200 mg of the exchanger (H^- form) in several conical 
flasks (stoppered) at desired temperatures (20 , 35 , 50 
and 65°C) for different time intervals (0.5, 1.0, 2.0, 3.0 
and 4.0 min.). The supernatant liquid was removed 
immediately and the determinations were made as usual by 
EDTA titrations. Each set was repeated four times and the 
mean valus were taken for calculations. 
(b) For the reverse process: The exchanger (200 mg) was 
taken in the metal form and was shaken with 20 ml 
of O.IM HNO^ in several conical flasks (stoppered) 
at the desired temperatures (20 , 35 , 
100 
50 and 65°C) for different time intervals (0.5, 1.0, 2.0, 
3.0 and 4.0 min.). The supernatant liquid was analysed 
quantitatively for the metal ions as stated above. 
Analytical Procedures: 
The results are expressed in terms of the fractional 
attainment of e q u i l i b r i u m , U C ^ ) with time according to the 
equation: 
U ( X ) = 
Che amount of exchange at time 't' 
the amount of exchange at infinite time 
4.1 
and the corresponding values were calculated by solving 
the Nernst Planck equations (18,19). These values for 
different M^^-H^ and H^-M^^ exchanges are given in 
Tables 4.1 to 4.4 at different temperatures. M^^ stands for 
the alkaline earth metal ions. 
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Time (Min .) 
F i g . 4.1: A plot of U(-^)versus time for the Mg^^-H^ 
exchange on antimony (V) phosphate at 35°C 
for the determination of the infinite time 
of exchange. 
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TABLE - 4.2 
7- VALUES FOR AND Ba^'^-H^ EXCHANGES ON ANTIMONY (V) 
PHOSPHATE CATION EXCHANGER AT DIFFERENT TEMPERATURES AFTER 
VARIOUS TIME INTERVALS 
Time T Values at 
20°C 35°C s e e 65''C 
Sr2^ - H^ 
0.5 0.028 0.032 0.032 0.040 
1.0 0.059 0.066 0.072 0.084 
2.0 0.129 0.140 0.160 0.181 
3.0 0.188 0.213 0.243 0.275 
4.0 0.263 0.275 0.316 0.389 
Ba2- - H^ 
0.5 0.041 0.045 0.054 0.059 
1.0 0.084 0.090 0.100 0.115 
2.0 0.155 0.175 0.200 0.215 
3.0 0.245 0.275 0.297 0.325 
4.0 0.325 0.363 0.401 0.437 
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TABLE - 4.2 
X VALUES FOR H'^-Mg^'" AND H'^-Ca^'^ EXCHANGES ON ANTIMONY (V) 
PHOSPHATE CATION EXCHANGER A T DIFFERENT TEMPERATURES AFTER 
VARIOUS TIME INTERVALS 
Time r v a l u e s at 
(mln) 20'C SS'C 50°C eS^C 
H^ -
0 . 5 0 . 0 0 9 0 . 0 1 8 0 . 0 2 3 0 . 0 2 6 
1 . 0 0 . 0 3 2 0 . 0 3 8 0 . 0 4 4 0 . 0 5 1 
2 . 0 0 . 0 6 5 0 . 0 7 8 0 . 0 8 8 0 . 1 0 4 
3 . 0 0 . 0 9 8 0 . 1 1 2 0 . 1 2 0 0 . 1 5 2 
4 . 0 0 . 1 2 0 0 . 1 3 8 0 . 1 5 2 0 . 1 8 8 
H^ - Ca2^ 
0 . 5 0 . 0 1 5 0 . 0 1 8 0 . 0 2 7 0 . 0 3 1 
1 . 0 0 . 0 3 2 0 . 0 4 0 0 . 0 4 3 0 . 0 5 4 
2 . 0 0 . 0 6 5 0 . 0 6 9 0 . 0 8 4 0 . 1 0 0 
3 . 0 0 . 0 8 9 0 . 1 0 6 0 . 1 3 0 0 . 1 4 0 
4 . 0 0 . 1 2 3 0 . 1 4 0 0 . 1 7 0 0 . 1 8 9 
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TABLE - 4.2 
T VALUES FOR AND EXCHANGES ON ANTIMONY (V) 
PHOSPHATE CATION EXCHANGER A T DIFFERENT TEMPERATURES AFTER 
VARIOUS TIME INTERVALS 
Time T values at 
(min) lO'C 35°C SO'-C 65°C 
H^ -
0 . 5 0 . 0 1 0 0 . 0 1 5 0 . 0 1 6 0 . 0 2 1 
1 . 0 0 . 0 2 7 0 . 0 3 1 0 . 0 3 4 0 . 0 4 0 
2 . 0 0 . 0 5 4 0 . 0 5 6 0 . 0 6 9 0 . 0 8 4 
3 . 0 0 . 0 8 4 0 . 1 0 0 0 . 1 0 6 0 . 1 1 4 
4 . 0 0 . 1 0 6 0 . 1 2 3 0 . 1 3 0 0 . 1 5 3 
H^ -
0 . 5 0 . 0 1 3 0 . 0 1 4 0 . 0 1 6 0 . 0 1 7 
1 . 0 0 . 0 2 7 0 . 0 3 1 0 . 0 3 3 0 . 0 3 6 
2 . 0 0 . 0 5 0 0 . 0 5 5 0 . 0 6 9 0 . 0 8 0 
3 . 0 0 . 0 8 1 0 . 0 9 0 0 . 1 0 0 0 . 1 1 5 
4 . 0 0 . 1 0 0 0 . 1 1 4 0 . 1 2 4 0 . 1 5 4 
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RESULTS AND DISCUSSION 
The particle diffusion controlled phenomenon is 
favoured by a high metal ion c o n c e n t r a t i o n , relatively large 
particle size of the exchanger and the vigorous shaking of 
the exchanging mixture. A study of the concentration effect 
on the rate of exchange at 30°C shows that the initial rate 
of exchange is proportional to the metal ion concentration 
at and above 0 . 0 5 M , when the rate of exchange is independent 
of the concentration of the metal ion in the solution. It 
confirms the particle diffusion controlled phenomenon. In 
the reverse p r o c e s s , h o w e v e r , this limit is O.IM. This 
difference in the concentration limits is perhaps due to the 
different degrees of ionization of an acid and its salt. In 
the first case the exchanger behaves as an acid because of 
its H - fo rm while in the second case it behaves as a salt 
due to its metal form. Below these concentrations the film 
diffusion is more p r o m i n e n t . Plots of U( f ) versus time t , 
in m i n u t e s , for alkaline earth metal ions (Figure 4.2 and 
4.3) indicate that the fractional attainment of equilibrium 
is faster at a higher temperature suggesting that the 
mobility of the ions increases with an increase in 
temperature. The uptake decreases with time. 
Though this is a limited bath system, it may be 
considered to follow the infinite solution volume condition 
(25) because C V > > C V , where C and C are the metal ion 
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concentrations in the solution and the exchanger phases 
respectively, V and V being the volumes of these p h a s e s . 
The Nernst-Planck equations can be solved with the following 
additional assumptions (26), which arc applicable to the 
inorganic ion exchangers: 
(i) The presence of the co-ions in the exchanger is 
neglected. 
(ii) The molarity of the fixed ionogenic groups in the 
exchanger remains u n c h a n g e d , and 
(iii) The individual diffusion coefficients remain 
constant. 
As a result, we obtain a coupled inter-diffusion 
coefficient D^g given by 
^ B = — . . . . 4 . 2 
^A ^A ^ ^B CB D B 
The values of D^g depend upon the relative concentrations of 
the exchanging species (viz. A and B) in the exchanger phase 
(C^ and C g ) . For C ^ << Cg the inter-diffusion coefficient 
assumes the value of A being the counter ion initially 
present in the exchanger phase. 
On the basis of Nernst-Planck equations the 
numerical results can be expressed (27) by the explicit 
100 
approximation: 
u ( r ) = (1-exp [ A ^ 
4 . 3 
where 
f is the half time of exchange 
Pa^ 
C3< is the mobility rate = D^/Dj^ 
r is the particle radius and D . and D„ are the 
o ^ A B 
inter-diffusion coefficients of counter ions A and B 
respectively in the exchanger p h a s e . The three functions 
f^(o^), f2('=^) and depend upon the mobility ratio {<=<) 
and the charge ratio of the exchanging ions. T h u s , 
they have different expressions as given below (28). 
When the exchanger is taken in the H^- form and the 
exchanging ion is M^^ and for 1 20, as in the present 
c a s e , the three functions have the values: 
) = - 1 
0 . 6 4 + 
0 . 3 6 O < 0 - 6 6 8 
1 
0 . 9 6 - 2 
.00.0.4635 
1 f.CoC) = -
0 . 2 7 + 0 . 0 9 C > : 
In the reverse process i.e. when the ion exchanger 
is in the metal form and the exchanging ion is H ^ , then for 
100 
0.05 the three functions wi J 1 be: 
f (o<) = i (d 
0.350 + 0.65=< 0-860 
f ( o ^ ) = i ^ ^ ( e 
0.030 + 1 . 012o< 2.06 
£ 3 ( 0 ^ ) = 1 ( f 
0.00265 + 0 . 3 5 4 o < 2 . 6 7 1 
Each value of will have a corresponding value of 
'X which is obtained by solving equation 4 . 3 . 
The plots of versus time (t) at the four 
temperatures are shown in Figures 4.4 and 4 . 5 . The results 
are summarized in Tables 4.1 to 4 . 4 . The plots of versus 
time are the straight lines passing through the o r i g i n , 
confirming the particle diffusion controlled phenomenon for 
exchanges at a metal ion concentration of 0.05M. It 
is true at a H^ion concentration of O.IM in the reverse 
p r o c e s s . 
The slopes (s) of various versus time (t) plots 
for all the metal ions are given in Table 4 . 5 . They are 
related to D ^ as follows: 
c; ^A , , S = . . . . 4 . 4 
The values of -log D ^ obtained by using equation 4.4 
plotted against — a r e straight lines as shown in Figure 4.6 
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verifying the validity of the Arrheniusrelation: 
-E 
Da = Do ^ -TTS ^ 
A O 
Thus the energy of activation (E^) and the pre-
exponential constant (D^) were estimated from the p l o t s , 
according to this expression at 273°K. The entropy of 
activation ( A s " ) was then calculated by substituting (29) 
D in equation 4 . 6 . 
o ^ 
D^ = 2.72 d2 exp .... 4.6 
Where d is the ionic jump distance taken as 5A° , K is the 
Boltzmann constant and h is the Planck's c o n s t a n t . T is 
taken as 273°K. The values of the diffusion coefficient 
(D ), energy of activation (E ) and entropy of activation 
O 3 
( A s " ) thus obtained are summarized Table 4 . 6 . 
The results (Table 4.6) show that there is no 
definite relation between ionic radii of the metal ions and 
the values of E and A s \ The more negative values of A S 
as compared to those obtained for other materials 
(Figure 4.7) indicate that the antimony (V) phosphate cation 
exchanger contains more active ion exchange sites than 
others. This comparison also indicates that the diffusion 
rate, activation energy and activation entropy are, in 
g e n e r a l , lower on single salts (20,22,30) than on double 
salts (24,31). 
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A comparison of the entropy changes between the 
forward and reverse processes in al1 the M^^-H^ exchanges 
reveals that the A s " values are more negative for the 
reverse processes than for the forward processes. It is in 
accordance with a higher degree of ionization of a salt than 
of the corresponding acid as stated e a r l i e r . This behaviour 
is more prominent for the Sr^^-H^ e x c h a n g e . 
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F i g . 4.2: PLOTS of versus time for Mg^'^-H"^, C a ^ ^ - H ^ , 
and Ba^^-H^ exchanges on antimony (V) 
phosphate at four different t e m p e r a t u r e s . 
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F i g . 4.3: Plots of Uf-^) versus time for H^-Mg^"^, H'^-Ca^"^, 
H^-Sr^^ and H^-Ba^^ exchanges an antimony (V) 
phosphate at four different temperatures. 
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F i g . 4.4: Plots of versus time for Mg^'^-H'^, Ca^'^-H^, 
Sr^^-H"^ and Ba^'^-H'^ exchanges on antimony (V) 
phosphate at four different temperatures. 
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F i g . 4.5: P l o t s o f r versus time for H^-Mg^"", 
and H^-Ba^^ exchanges on antimony (V) phosphate at 
four different temperatures. 
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A N O V E L COMPLEXO -ION EXCHANGE METHOD FOR THE SELECTIVE 
DETERMINATION OF CADMIUM IN SOME ROCK SAMPLES USING 
ANTIMONY (V) PHOSPHATE BEADS 
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INTRODUCTION 
Inorganic ion exchangers are v\?eJ 1 known for their 
high selectivity towards certain metaJ ions. They have shown 
promising ability for concentration and separation of metal 
ions present in minute amounts. Some of them have shown 
affinity for the heavy metal pollutants such as Pb, H g , C d , 
Bi e t c . (1-4) leading to their potential applications in 
environmental analyses (5). 
Antimony based inorganic ion exchangers have 
received attention mainly because of their good ion-exchange 
behaviour and stability (6-9). Our earlier study (10) has 
revealed that antimony (V) phosphate (SbP) is highly 
selective for cadmium and mercury. Determination of cadmium 
is important due to its toxic n a t u r e . It is released as 
effluent from electroplating and iron galvanizing plants and 
is a non-essential and non-beneficial element giving rise to 
the nephrotoxic and cardiovascular changes in the body even 
when present in minute amounts. It accumulates in liver, 
kidneys and thyroid glands of human beings. 
In the direct determination of Cd with 
ethylenediamine tetra acetic acid (EDTA) and in other 
complexometric methods several metal ions are found 
interferring (8,11). The present method is based on the well 
known complexing ability of EDTA and an extraordinary 
100 
adsorption characteristics of antimony (V) phosphate for 
c a d m i u m . The method is also applicable in the determination 
of this metal in some rock samples. 
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EXPERIMENTAL 
Reagents and Chemicals: 
Antimony (V) chloride used in these studies was of 
^987o purity obtained from F J u k a , Svi7itzerl and and Trisodium 
orthophosphate was a B.D.H. Poole (England) product. 
All other chemicals were of AnalaR g r a d e . 
Preparation of the Reagent Solutions: 
Disodium salt of EDTA (Na2H2Y) was dissolved in 
demineralized water to form a 0.005M solution. Metal ion 
solutions were prepared by disso]ving their chlorides or 
nitrates in DMW containing the respective acids to prevent 
h y d r o l y s i s . 
Buffer Solutions: 
A mixture consisting of p h o s p h o r i c , acetic and boric 
acids with their final concentration as 0.04M gave a buffer 
solution of pH 1.80. Different buffers of pH 1.89, 2.21 and 
2.87 were prepared by mixing 2.5 ml, 10.0 ml and 17.5 ml 
respectively of a 0.2N" NaOH solution in the 100 ml portions 
of the above mixture (12). For preparing the buffer 
solutions in the pH range 3.1-8.75, 0 . 2M aqueous solutions 
of acetic acid and sodium acetate were mixed (13) in varying 
ratios as given b e l o w . The pH of the resultin" solutions are 
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shown in parantheses: 
10:0 (3.1), 9.5:0.5 (3.42), 8.0:2.0 (4.05), 6.0:4.0 
(4.45), 3.0:7.0 (4.99), 0.5:9.5 (5.89), 0:10 (8.75). 
Apparatus: 
An ULTRA-SPEC model CL-54 spectrophotometer from 
Elico (India) was used for all spectrophotometric 
measurements.Equilibration were performed by using a shaker-
incubator with a temperature variation of +0.5°C. 
Rock Samples 
Both standard (AGV-1 and G S P - 1 ) and raw rocks (G-4 
and C-6) (14) were used in these s t u d i e s . They are known to 
contain the following elements in major and trace amounts: 
Major constituents - S i , A l , F e , T e , M g , C a , N a , K , P , Mn 
Trace constituents - N i , C r , C o , R b , S r , V , B a , C d , Z n , P b , 
C u , Z r , Y , G a , N b . 
Synthesis of the Ion Exchange Material: 
Antimony (V) phosphate (SbP) was synthesized by a 
method (10) described in c h a p t e r - 3 . 
Decomposition of Metal-EDTA Complex by Antimony (V) 
Phosphate: 
5 ml portions of the various solutions containing 
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known amounts of the metal ions were complexed with an 
excess of EDTA solution at a pH value optimum for the 
complexes to exist. The solutions were then shaken with 
500 mg of the ion exchange material (in Na^-form) to 
ascertain the possibility of the metal-EDTA complex 
d e c o m p o s i t i o n . The Cd - EDTA complex was found to 
decompose at a pH while other complexes were stable at 
this p H . 
Determination of Cadmium: 
(a) In synthetic mixtures: Some b i n a r y , ternary and 
multicomponent mixtures were prepared by adding known 
amounts of different metal ions alongwith c a d m i u m . 
To a 10 ml aliquot containing 56.21-281.02 yig of C d , 
and excess of the EDTA (0.005M) solution was added followed 
by the 20ml of the buffer solution of p H - 4 . The mixture was 
then heated for a few minutes before cooling to the room 
temperature and diluting upto 100 ml with Di'^ iia/. The excess 
EDTA was determined spectrophotometrical1y as follows: 
To a 5 ml portion (containing 0.19-3.72 mg of E D T A ) , 
were added 3 ml of a 1:2 (v/v) mixture of O.OIM FeCl^ and a 
buffer of pH 1.6. It was diluted to 10 ml with the help of 
the same b u f f e r . The yellow complex produced had an 
absorption maximum at 365 nm (15). It is constant over the 
pH range 0.80-2.80. C a ^ ^ , Mg^^ , Al^"^, Zn^^ and other ions 
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which form colourless complexes did not interfere. C o ^ ^ , 
C r ^ ^ ' Ni^"^ and Cu^^ also do not interfere in the 
determination although they form coloured complexes with 
EDTA, perhaps because their formation constants (16) are 
lower than that of the Fe-EDTA complex, and hence may not be 
3 
existing in the presence of Fe ions. 
Another 5 ml portion of the above solution was 
shaken with 500 mg of SbP for 7 h o u r s . EDTA thus liberated 
was assayed spectrophotometrically and the results are 
summarized in Table 5.1. 
(b) In rock samples: 2 gm of the rock samples were taken in 
a nickel crucible containing 40 ml of a 20% NaOH solution. 
The crucible was heated in a muffle furnance at 900°C for 
hour and the residue was cooled to the room temperature 
before leaching with AM HCl. The filtrate was diluted to 
50 ml with/~v^2M HCl. Fusion with solid NaOH also gave the 
same results. A 25 ml of this aliquot was evaporated to 
dryness to remove the excess acid and the residue was taken 
up in a fixed volume (1 ml) of the 0.005M EDTA solution. 4 
ml of the buffer of pH 4 was then added to maintain the pH 
and the mixture was shaken with 500 mg of SbP and the 
liberated EDTA was determined spectrophotometrically as 
above. The results are given in Table 5.2. 
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Effect of pH on the Adsorption of Cd^^: 
In several conical flasks were taken 281.00 u g of 
cadmium with an excess of EDTA (0.005M) solution followed by 
the buffer solutions of different pH. After shaking these 
solutions with 500 mg of SbP beads for 7 h o u r s , the 
liberated EDTA was then determined by the procedure as 
reported above. The optimum pH range was found to be 3.5-4.5 
(Figure 5.1). 
2+ 
Effect of time on the Adsorption of Cd : 
In order to ascertain the optimum time for the 
adsorption of Cd^"^ on SbP b e a d s , the experiment was 
performed for different time intervals containing known 
amounts of cadmium (281.00 Aig) at pH 4 following the 
method mentioned above. Seven hours were required for the 
equilibrium to achieve (Figure 5.2). 
It was observed that when the exchanger was taken in 
H^- form a precipitation occurred in the solution on 
standing. It may be due to the presence of insoluble EDTA in 
the mixtur 
exchanger. 
e formed due to the release of H"^  ions from the 
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F i g . 5.1: Effect of pH on the adsorption of Cd on 
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e x c h a n g e r . 
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RESULTS AND DISCUSSION 
The results of these studies indicate that the 
exchanger (SbP) acts in two ways: 
It helps in decomposing the Cd - EDTA complex at a 
p H ~ - 4 and then adsorbs the free Cd^^ ions on its surface 
due to its high selectivity for this cation. At pH A P b ^ ^ , 
C u 2 \ Z n 2 \ C o 2 \ M n 2 \ F e 3 ^ C d 2 ^ Sn^^ and 
Hg^^ ions form stable complexes with EDTA. Other metal ions 
such as Mg^^s Sr^^ and Ba^^ form stable complexes at 
pH 10-12. A comparison of the stability constants of the 
metal-EDTA complexes at pH 4 reveals that Hg^^ forms a more 
stable complex than Cd^^ and hence cannot remain as a bare 
ion in the solution to be adsorbed on the exchanger surface. 
Perhaps due to this reason, Hg^^ causes no interference in 
the determination of Cd^^ aj though the exchanger has a high 
selectivity for it also. F u r t h e r m o r e , under the conditions 
used the Hg-acetate complex is more stable than the 
Cd-acetate complex. The whole mechanism can be explained as 
follows: 
At p H - 4 , 
M^^ + ^ = ^  = ^  M Y ' + 2H^ 
The Cd-EDTA complex gets decomposed in the presence 
100 
of SbP -Na"^ releasing Cd^"^ ions: 
and finally, Cd^^ ions get adsorbed on the SbP -Na^ surface 
by the usual ion exchange process: 
Cd^^ + 2(SbP ) Na^ > (SbP )2Cd^''+ 2Na' 
The method has been employed for the estimation of 
cadmium in some rock samples where it is present in traces. 
The results as summarized in Tables 5.1 and 5.2 are precise 
and are in good agreement with those obtained by the atomic 
absorption spectrophotometry. 
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TABLE - 5.1 
D E T E R M I N A T I O N OF C A D M I U M IN P R E S E N C E O F O T H E R I N T E R F E R E N T S 
S I . 
N o . 
I n t e r f e r i n g ion 
(ng) 
Cadmium 
T a k e n 
ing) 
F o u n d * 
7O Error S t a n d a r d 
d e v i a t i o n 
ixxg) 
1 . M n ( 1 1 ) 1 3 7 . 3 5 2 8 1 . 0 3 2 8 0 . 2 0 - 0 . 2 9 0 . 0 2 5 
6 8 . 6 8 1 4 0 . 5 1 1 3 9 . 1 6 - 0 . 9 6 0 . 0 1 8 
6 8 . 6 8 2 8 1 . 0 3 2 7 9 . 5 0 - 0 . 5 4 0 . 0 3 2 
2 . C o ( I I ) 1 4 7 . 3 3 2 8 1 . 0 3 2 8 2 . 0 0 + 0 . 3 5 0 . 0 3 2 
7 3 . 6 8 1 4 0 . 5 1 1 4 0 . 0 0 - 0 . 3 6 0 . 0 3 3 
7 3 . 6 8 2 8 1 . 8 3 2 8 0 . 4 9 - 0 . 1 9 0 . 0 2 2 
3 . C u ( I I ) 1 5 8 . 8 5 2 8 1 . 0 3 2 7 9 . 0 0 - 0 . 7 2 0 . 0 2 6 
7 9 . 4 3 1 4 0 . 5 1 1 3 7 . 0 5 - 2 . 4 6 0 . 0 4 0 
7 9 . 4 3 2 8 1 . 0 3 2 8 2 . 3 5 + 0 . 4 7 0 . 0 3 2 
4 . N i d i ) 1 4 6 . 7 8 2 8 1 . 0 3 2 8 3 . 6 5 + 0 . 9 3 0 . 0 3 5 
7 3 . 3 9 1 4 0 . 5 1 1 4 1 . 3 5 + 0 . 6 0 0 . 0 3 1 
7 3 . 3 9 2 8 1 . 0 3 2 7 9 . 8 5 - 0 . 4 2 0 . 0 2 1 
5 . F e ( I I I ) 1 3 9 . 6 3 2 8 1 . 0 3 2 8 2 . 2 7 + 0 . 4 4 0 . 0 3 1 
6 9 . 8 1 1 4 0 . 5 1 1 3 8 . 1 5 - 1 . 6 8 0 . 0 2 0 
6 9 . 8 1 2 8 1 . 0 3 2 7 8 . 0 3 - 1 . 0 6 0 . 0 3 0 
6 . A K I I I ) 6 7 . 4 5 2 8 1 . 0 3 2 7 9 . 1 7 - 0 . 6 6 0 . 0 1 0 
3 3 . 7 3 1 4 0 . 5 1 1 4 1 . 1 0 + 0 . 4 2 0 . 0 3 0 
3 3 . 7 3 2 8 1 . 0 3 2 8 2 . 0 0 + 0 . 3 5 0 . 0 3 2 
f 
7 . Hg( I D 5 0 1 . 5 3 2 8 1 . 0 3 2 8 1 . 5 7 + 0 . 1 9 0 . 0 1 4 
2 5 0 . 7 6 1 4 0 . 5 1 1 4 1 . 0 6 + 0 . 3 9 0 . 0 3 2 
2 5 0 . 7 6 2 8 1 . 0 3 2 8 3 . 1 2 + 0 . 7 4 0 . 0 1 3 
8 . M g ( I I ) 6 0 . 8 0 2 8 1 . 0 3 2 8 1 . 6 5 + 0 . 2 2 0 . 0 4 2 
3 0 . 4 0 1 4 0 . 5 1 1 4 0 . 2 6 - 0 . 1 8 0 . 0 3 0 
3 0 . 4 0 2 8 1 . 0 3 2 8 2 . 0 6 + 0 . 3 6 0 . 0 2 3 
9 . C a ( I I ) 1 0 0 . 2 0 2 8 1 . 0 3 2 7 7 . 0 5 - 1 . 4 2 0 . 0 3 8 
5 0 . 1 0 1 4 0 . 5 1 1 4 1 . 0 0 + 0 . 3 5 0 . 0 3 6 
5 0 . 1 0 2 8 1 . 0 3 2 8 1 . 9 6 + 0 . 3 5 0 . 0 1 5 
1 0 . Ba( II) 3 4 3 . 4 0 2 8 1 . 0 3 2 8 0 . 2 3 - 0 . 2 8 0 . 0 2 3 
1 7 1 . 7 0 1 4 0 . 5 1 1 4 2 . 0 5 + 1 . 1 0 0 . 0 3 2 
1 7 1 . 7 0 2 8 1 . 0 3 2 8 0 . 4 0 - 0 . 2 2 0 . 0 2 4 
1 1 . Sr( I D 2 1 9 . 0 8 2 8 1 . 0 3 2 7 8 . 0 8 - 1 . 0 5 0 . 0 2 0 
1 0 9 . 5 4 1 4 0 . 5 1 1 3 9 . 0 0 - 1 . 0 7 0 . 0 3 5 
1 0 9 . 5 4 2 8 1 . 0 3 2 7 9 . 3 8 - 0 . 5 9 0 . 0 2 3 
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TABLE 5.1 (CONTINUED) 
S I . Interfering ion Cadmium (ug) % Error Standard 
N o . (iig) — — ^ deviation 
Taken Found" (^g) 
12. Zn(II) 163.45 281. 03 283 .08 + 0.73 0.030 
81.73 140. 51 141 .67 + 0.83 0.025 
81.73 281. 03 282 .65 + 0.58 0.015 
13. Pb(II) 518.03 281. 03 281 .89 + 0.31 0.026 
259.01 140. 51 141 .65 + 0.81 0.025 
259.01 281. 03 282 .06 + 0.36 0.037 
14. Bi( ;ill) 522.48 281. 03 281 .94 + 0.32 0.030 
261.24 140.51 141 .35 + 0.59 0.015 
261.24 281. 03 283 .06 + 0.72 0.016 
1 5 . Fe (83.78)+Cu (95. 31) 224. 82 221 .06 -1.67 0.026 
16. Fe (83.78)+Ni (88. 07) 224. 82 223 .85 -0.43 0.032 
17. Fe (83.78)+Al (40. 47) 224. 82 226 .68 + 0.83 0.021 
18. Bi(313.49)+Pb(310. 82) 224. 82 224 .95 + 0.05 0.015 
19. Co (44.21)+Cu (47. 66) 84. 31 85 .04 + 0.86 0.017 
+ Ni (44.03)+Al (20. 24) 
+Hg(150.46)+Pb(155. 41) 
+ Fe (41.89)+Mg (18. 24) 
+ Ca (30.06) 
'Each result is a mean of five replicates. 
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TABLE - 4.2 
DETERMINATION OF CADMIUM IN SOME ROCK SAMPLES BY THE PROPOSED METHOD 
R o c k Amount of Cd per 25 ml of the rock °L Error Standard 
sample sample deviation 
Amount Amount found Average 
taken* 
(jug) (ug) (ug) 
(Aig) 
G S P - 1 6 4 . 0 0 6 1 . 8 0 , 6 2 . 0 0 , , 6 1 . 8 0 - 3 . 4 3 0 . 1 2 2 
6 1 . 8 0 , 6 1 . 7 0 , 
6 1 . 7 0 
A G V - 1 5 7 . 0 0 5 8 . 2 0 , 5 8 . 2 0 , 5 8 . 2 4 + 2 . 1 7 0 . 0 5 5 
5 8 . 3 0 , 5 8 - 3 0 , 
5 8 . 2 0 
G - 4 7 3 . 0 0 7 4 . 2 0 , 7 4 . 2 0 , 7 4 . 1 6 + 1 . 5 9 0 . 0 5 0 
7 4 . 1 1 , 7 4 . 2 0 , 
7 4 . 1 1 
C - 6 8 2 . 0 0 8 4 . 2 0 , 8 4 . 0 0 , 8 4 . 0 8 + 2 . 5 4 0 . 1 1 0 
8 4 . 0 0 , 8 4 . 2 0 , 
8 4 . 0 0 
'As verified by atomic absorption spectrophotometer. 
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CHROMATOGRAPHIC SEPARATION 0F<5<-AM1N0 ACIDS ON ANTIMONY (V) 
PHOSPHATE - SILICA GEL -G PLATES FROM SOM^' SYNTHETIC 
MIXTURES AND DRUG S A M P L E S . 
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INTRODUCTION 
The use of ion exchange in medicine and 
pharmaceutical industries is a unique and fascinating aspect 
of ion-exchange technology. This is true not only because of 
the importance of the medical field, but also because these 
applications utilize many unusual facets of ion exchange 
technology. 
Use of ion exchange is not new to the medicine or 
pharmaceutical industries. Ion exchange materials were used 
in medicine for many years prior to the synthesis of the 
modern ion exchange resins in 1940. A l u m i n a , k a o l i n , c l a y s , 
b e n t o n i t e , p e c t i n , alginic acid, etc. have been used for 
over a century as pharmaceuticals and as pharmaceutical 
processing agents. It is, therefore, understandable why the 
introduction of synthetic ion exchange resins and polymeric 
adsorbents has stimulated considerable interest in medical 
science throughout the w o r l d . 
The d e t e c t i o n , determination and separation of amino 
acids is important because they have a great biological 
significance. They are the building blocks of proteins which 
make up a large part of the animal body. Their defficiency 
in body prevents its growth and may cause death also. 
Thin-layer chromatographic studies of amino acids, 
on silica gel - G have been made earlier by Brenner (1,2), 
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Neher (3), Opienska-Bl auth (4), and many others (5,6) in 
various solvent systems. Detection methods have also been 
developed for them using resin beads (7-9). Synthetic 
inorganic ion exchangers have a great promise in column (10), 
paper (11), and thin layer (12) chromatography of amino 
acids. However, most of these studies relate only to the 
qualitative aspects and very few quantitative studies have 
been reported so far using these materials. M o r e o v e r , the 
separations achieved have been for the different categories 
of amino acids like basic from acidic, basic from n e u t r a l , 
and neutral from acidic (13). Separation of amino acids of 
the same category is of great importance and the present 
study is an attempt in this d i r e c t i o n , using inorganic ion 
exchanger as an adsorbent. Following pages summarize such a 
study. 
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EXPERIMENTAL 
Reagents and Chemicals: 
Antimony(V) chloride used in this study was of^987o 
purity obtained from FJuka (Switzerland) and the trisodium 
orthophosphate was a B.D.H. Poole (England) product. All 
other reagents and chemicals were of analaR grade. 
Apparatus: 
A TLC applicator of M/S Toshniwal (India) was used 
to prepare thin layers of 0.1 mm thickness on glass plates 
(20 X 3 c m ) . These thin layers were developed by the 
ascending technique in ordinary 24 x 6 cm glass jars 
containing the d e v e l o p e r . 
A micropipette (1-100 ajI capacity) of "Gilson 
medical Electronic (France)" was used to put a spot of known 
amount on the TLC plates for quantitative separations. 
A Bausch and Lomb Spectronic 20 spectrophotometer 
was used for colorimetric studies. 
Preparation of the Thin-Layer Plates: 
Thin-layer plates were prepared either of the pure 
silica gel-G or the mixtures of antlmony(V) phosphate (SbP), 
prepared by an earlier method (14), and silica gel-G of the 
100 
following compositions (w/w): 
5:95, 10:90, 1 5 : 8 5 , 20:80, 25:75, 30:70, 40:60 and 
50:50. 
The method adopted to prepare the plates was as 
follows: 
Twenty-five grams of the adsorbent were mixed with 
60 ml of glass distilled water (GDW) and shaken well for 10 
min to make a slurry, which was then spread over the glass 
plates with the help of an applicator to obtain a uniform 
thin layer of 0.1 mm thickness. The plates were d r i e d , first 
at room temperature and then at 100°C for 1 h before u s e . 
Test Solutions: 
One tenth percent aqueous solutions of 2 4 c < - a m i n o 
acids, symbolized b e l o w , were prepared in G D W . 
Neutral amino acids: 
N^: G l y c i n e , N2: L - H y d r o x y p r o l i n e , N^: D L - A l a n i n e , 
N^: DL-2-Aminobutyric acid, N^: D L - S e r i n e , N^: Proline, N^ 
D L - V a l i n e , Ng: D L - T h r e o n i n e , Ng: DL-Cysteine.HCl , N^Q 
L - L e u c i n e , DL-lsol e u c i n e , DL-Norl eucine, N^^ 
D L - M e t h i o n i n e , N^^: T y r o s i n e , N^^: DL-Phenylalanine, N^^ 
DL-Tryptophan , N^^: DL-( 3 ,4-Dihydroxypheny 1 ) alanine, N^^g 
L - C y s t i n e . 
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Basic amino acids: 
B^: L - O r n i t h i n e , B2 : L-Lyslne.HCl , B^ : L - H i s t l d i n e , 
B^: L - A r g i n i n e . 
Acidic amino acids: 
A^: Aspartic acid, A2: Glutamic acid. 
Ninhydrin Reagent: 
A 2% alcoholic solution of, ninhydrin was used for 
the detection of amino acids. 
For quantitative determination the reagent was 
prepared as follows: 
Four hundred milligrams of the hydrated tin(ll) 
chloride (SnCl2.2H20) were dissolved in 250 ml of the 
citrate buffer of pH 5.0, prepared by dissolving 21 g of 
citric acid in 200 ml of IM NaOH and further diluting to 
500 ml with G D W . It was termed as solution "A". 
In another flask 4% ninhydrin solution was prepared 
in methyl cellosolve (ethylene glycol monomethyl ether). It 
was termed as solution "B". 
Freshly prepared equivolume mixtures of these two 
solutions were used in alJ the determinations. 
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Solvent Systems Used as Developers: 
The following solvent systems were used as 
developers : 
Demineralized water (DMW), acetic acid (HAC), 
methanol (Me), ethanol (Et), 1-butanol (Bu), benzene (Bz), 
acetone, diethyl e t h e r , l-butanol+ methanol (1:1), ethanol+ 
benzene (1:1), methanol+benzene+DMW (1:1:1), methanol+ 
1-butanol+DMW (1:1:1), 1-butanol+acetic acid+DMW (4:1:5), 
ethanol+acetic acid+DMW (4:1:5), acetone+benzene+acetic acid 
(4:5:1). 
Procedure: 
Thin glass capillaries were used to spot the test 
solutions. The solvent systems were allowed to ascend 10 cm 
on the plates. After drying at room temperature the spots 
were detected by spraying with alcoholic ninhydrin solution, 
warming for a few minutes. Firugre 6.1 gives the R^ values 
of all the 24=<-amino acids in different developers. 
Separations Achieved: 
(a) Synthetic mixtures: B i n a r y , ternary and multinary 
mixtures were prepared by mixing equal volumes of the amino 
acid solutions. The mixtures were spotted on the plates with 
a micropipette and the development was made as u s u a l . Pilot 
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chromatograms were run under similar conditions to ascertain 
the actual position of the spots on the experimental plates. 
After the d e v e l o p m e n t , the spots on pilot plates were 
detected using the ninhydrin reagent. The same portions of 
the experimental plates were then scratched out and the 
amino acids present in these portions were extracted with 
small portions of the absolute alcohol, total 5 ml being 
used for complete elution. 
Determination was carried out by the standard 
ninhydrin method (15) as follows: 
One milliliter each of the sample solution and 
ninhydrin reagent were mixed thoroughly in a test tube and 
heated in a boiling water bath for about 20 min. Five 
millilitres of the diluting solution (equal volumes of GDW 
and 1-propanol ) was then mixed to this solution while still 
on the water bath. A blank was also prepared in a similar 
manner. After cooling the solution was furthr diluted to 
10 ml with the diluting solution. The purple colour so 
developed has its max at 570 nm. A standard curve was 
prepared for glycine. Tables 6.1 and 6.2 summarize the 
determination and separation results. 
(b) Drug samples: Two drug samples namely 'Astymin Forte' 
(capsule) and 'Santevini (Plus)' (liquid) were taken for 
their analyses. These drugs have the following composition 
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in mg as per the labels on them: 
'Astymin Forte' manufafLured by TABLETS (INDIA) 
LIMITED has: L-Leucine = 18.3, L-Isoleucine « 5.9, L - L y s i n e . 
HCl = 25.0, L-Phenylalanine = 5.0, L-Threonine = 4 . 2 , 
L-Valinc - 6.7, L-Tryptophan = 5.0, DL-Methionine - 18.4, 
5-hydroxyanthranilic acid hydrochloride = 0.2, Vitamin A (as 
palmitate) = 2500.0, Vitamin D^ = 200.0, Thiamine 
mononitrate = 5.0, Vitamin B^ = 3.0, Nicotinamide = 2 5 . 0 , 
Vitamin B^ = 1.5, Folic acid = 0 . 7 5 , Calcium pantothenate = 
5.0, Vitamin ^^^ = 2.5, Vitamin C = 4 0 . 0 , Vitamin E = 7.5. 
'Santevini (Plus)' manufactured by SANDOZ (INDIA) 
LIMITED has: L-Lysine.HCl = 100.0, Glycine 
DL-Methionine = 29.0, Peptone solide = 300.0, Vitamin B^ = 
0.6, Vitamin B2 = 0.9, Vitamin B^ = 1.1, Vitamin B^2 = 
Nicotinamide = 10.0, Calcium = 75.0, Magnesium = 6.0, 
Manganese = 1.0. 
Procedure: 
'Astymin Forte' (capsule) was stirred well in 10 ml of the GDW 
and then filtered. The filtrate was diluted to 50 ml with 
G D W . Fifteen milliliters of 'Santevini (Plus)' was directly 
diluted to 50 ml with G D W . 
Spots of the standard solutions prepared as above 
were putted on the TLC plates with a micropipette and the 
rest of the method followed was the same as described above. 
Table 6.3 gives the results. 
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RESULTS AND DISCUSSION 
The main feature of these studies is to evolve a 
simple, less expensive and accurate method for the 
separation of amino acids of the same type such as acidic 
from acidic, and neutral from neutral and also to separate 
basic amino acids from all other types. Mixing of the silica 
gel- G to an inorganic ion exchanger lowers its cost to a 
great extent and enhances its binding capacity with the 
glass plates in addition to the improvement of its 
resolution power for amino acids. The silica gel- G is a 
well known powerful adsorbent for many molecules. The ion 
exchange behaviour of the exchanger and the adsorption 
characteristics of the silica gel- G jointly operate in the 
separation process. 
Figure 6.1 illustrates the trend of the R^ values of 
® < - a m i n o acids on plain silica gel- G plates as well as on 
the mixed thin layers. On plain silica gel- G all amino 
acids move appreciably in D M W , absolute methanol, ethanol 
and acetic acid. It may be due to the solubility of amino 
acids in such solvents. In organic solvents like b e n z e n e , 
acetone, 1-butanol and ether, the migration of amino acids 
is negligible because they are sparingly soluble in such 
solvents. In the mixed solvent systems the migration 
improves in some c a s e s , except for the basic amino acids. 
Presence of an extra-NH2 group in basic amino acids may be 
100 
responsible for this behaviour as it has an extra lone pair 
of e l e c t r o n s . Silica may, therefore, have a greater affinity 
for such a molecule as compared to the acidic or neutral 
amino acids. 
Addition of antimony(V) phosphate to silica gel- G 
promotes a differential migration of amino acids perhaps 
due to the combined effect of the ion exchange behaviour of 
SbP and the adsorption behaviour of the Si02 surface. Hence, 
the separations become possible. For instance, a separation 
of aspartic acid from glutamic acid is possible in ethanol: 
benzene (1:1) solvent system on the SbP + silica gel" G 
(20:80) plates, whereas this separation could not be 
achieved on pure silica gel- G ratios reveals the fact that 
the most fruitful results are obtained on the thin layers 
consisting of 2 0 7 o SbP. Below this composition the results 
were not different from pure silica g e l " G and above this 
composition the resolution power of the adsorbent is not 
further enhanced. This combination w a s , therefore, used for 
all the studies. Tables 6 . 1 and 6 . 2 and figure 6 . 2 
summarize the details of the results. The practical utility 
of the method has been illustrated by analyzing two drug 
samples, the results of which are aummari^ed in Table 6 . 3 . 
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TABLE - 5.1 
QUANTITATIVE SEPARATIONS OF AMINO ACIDS IN SYNTHETIC MIXTURES ON 
SbP-SILICA G E L - G THIN-LAYER PLATES 
Solvent system Separations Amount Amount % Error 
achieved taken found® 
(ug) (ug) 
Ethanol:Benzene 
( 1 : 1 ) 
( 1 : 1 ) 
A^(0 .08) -A2(0.70) ^ = 50.00 = 50.50 + 1. 00 
A2 = 50.00 = 51.25 + 2. 50 
.00) -N^(0.81) = 50.00 = 49.50 - 1 . 00 
50.00 N4 = 50.50 + 1. 00 
.00) -N^(0.84) Nl = 50.00 N , = 50.25 + 0. 50 
N , = 50.00 N , = 50.75 + 1. 50 
.00) -N^q(0.90) = 50.00 = 49.75 - 0 . 50 
^10= 
50.00 
^10= 
50.30 + 0. 60 
.00) = 50.00 N , = 50.15 + 0. 30 
^11 = 50.00 ^11 = 
50.40 + 0. 80 
.00) N , = 50.00 N , = 50.25 + 0. 50 
^12 = 
50.00 50.50 +1. 00 
.00) - N^ 3 ( 0 . 8 6 ) = 50.00 = 50.20 + 0. 40 
N,3 = 50.00 N,3 = 50.60 +1. 20 
.00) -N^^(0.88) N , = 50.00 = 49.50 - 1 . 00 
^14 = 
50.00 
^14= 
50.75 +1. 50 
N^(0 .00) -N^3(0.85) 50.00 50.25 + 0. 50 
50.00 
^15 = 
50.50 + 1. 00 
N^(O.OO) = 50.00 = 50.25 + 0. 50 
^16 = 
50.00 
^16 = 
50.40 + 0. 80 
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TABLE - 6.1 (Continued) 
Solvent system Separations 
achieved 
Amount 
taken 
(Aig) 
Amount 
found^ 
(ug) 
7o Error 
0 0 ) - •N^iO.SS) N3 = 5 0 . 0 0 N3 = 5 0 . 3 0 + 0 . 6 0 
N , - 5 0 . 0 0 N7 = 5 0 . 5 0 + 1 . 0 0 
N 5 ( 0 . 0 0 ) - N ^ q ( 0 . 9 0 ) N3 = 5 0 . 0 0 N3 = 4 9 . 7 0 - 0 . 6 0 
^ 1 0 = 5 0 . 0 0 ^ 1 0 = 5 0 . 2 5 + 0 . 5 0 
N^CO. 0 0 ) - N5 = 5 0 . 0 0 N3 = 5 0 . 3 0 + 0 . 6 0 
^ 1 1 = 5 0 . 0 0 ^ 1 1 = 5 0 . 4 0 + 0 . 8 0 
N^CO. 0 0 ) - N5 = 5 0 . 0 0 N3 = 5 0 . 1 0 + 0 . 2 0 
^ 1 2 = • 5 0 . 0 0 ^ 1 2 = 5 0 . 4 0 + 0 . 8 0 
0 0 ) - N ^ 3 ( 0 . 8 2 ) N3 = 5 0 . 0 0 N3 = 4 9 . 8 0 - 0 . 4 0 
^ 1 3 = 5 0 . 0 0 N^3 = 5 0 . 1 0 + 0 . 2 0 
N^CO. 0 0 ) - N3 = 5 0 . 0 0 N3 = 5 0 . 2 0 + 0 . 4 0 
^ 1 4 - 5 0 . 0 0 ^ 1 4 = 5 0 . 3 0 + 0 . 6 0 
N^CO. 0 0 ) - N3 = 5 0 . 0 0 N5 = 5 0 . 1 5 + 0 . 3 0 
5 0 . 0 0 ^ 1 5 = 5 0 . 2 5 + 0 . 5 0 
N 5 ( 0 . 0 0 ) - N ^ g ( 0 . 8 7 ) N3 = 5 0 . 0 0 N3 = 5 0 . 3 0 + 0 . 6 0 
^ 1 6 = 5 0 . 0 0 ^ 1 6 = 5 0 . 5 0 + 1 . 0 0 
N , 3 ( 0 . 0 0 ) - N ^ ( 0 . 8 1 ) ^ 1 8 = 5 0 . 0 0 ^ 1 8 = 5 0 . 2 0 + 0 . 4 0 
N4 = 5 0 . 0 0 N4 = 5 0 . 6 0 + 1 . 2 0 
N , 3 ( 0 . 0 0 ) - N 7 ( 0 . 8 4 ) 5 0 . 0 0 ^ 1 8 = 5 0 . 2 5 + 0 . 5 0 
5 0 . 0 0 5 0 . 7 5 + 1 . 5 0 
.00) - N ^ Q { 0 . 9 0 ) 5 0 . 0 0 ^ 1 8 = 5 0 . 1 5 + 0 . 3 0 
5 0 . 0 0 ^ 1 0 = 5 0 . 6 0 + 1 . 2 0 
.00) ^ 1 8 - 5 0 . 0 0 5 0 . 2 0 + 0 . 4 0 
5 0 . 0 0 ^ i r 5 0 . 3 0 + 0 . 6 0 
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TABLE - 6.1 (Continued) 
S o l v e n t system Separations A m o u n t A m o u n t \ Error 
achieved taken f o u n d ^ 
(ug) (Aig) 
^18= 
50.00 
^18= 
49.00 -2.00 
^12 = 
50.00 
^12= 
50.30 + 0.60 
N^g(0.00)-N^3(0.84) 
^18= 
50.00 
^18= 
50.25 + 0.50 
^13 = 
50.00 
^13 = 
50.50 + 1.00 
N^g(0.00)-N^^(0.9 ) 
^18 = 
50.00 50.25 + 0.50 
^14= 
50.00 
^14= 
50.30 + 0.60 
N^g(0.00)-N^5(0.86) 
^18 = 
50.00 
^18 = 
50.30 + 0.60 
^15 = 
50.00 
^15= 
50.30 + 0.60 
^18= 
50.00 
^18 = 
50.25 + 0.50 
^16 = 
50.00 
^16 = 
50.40 + 0.80 
B ^ ( 0 . 0 0 ) - N 7 ( 0 . 8 3 ) = 50.00 = 50.30 + 0.60 
= 50.00 = 50.40 + 0.80 
= 50.00 50.25 + 0.50 
50.00 
^10= 
50.25 + 0.50 
50.00 50.30 + 0.60 
50.00 
^11 = 
50. 50 + 1.00 
= 50.00 = 50.20 + 0.40 
50.00 
^12 = 
50.25 + 0.50 
B^(0.00)-N^3(0.84) = 50.00 
'^ l = 
50.25 + 0.50 
50.00 
^13 = 
50.20 + 0.40 
B ^ ( 0 . 0 0 ) - N ^ ^ ( 0 . 8 8 ) 50.00 = 50.20 + 0.40 
^14 
50.00 
^14= 
50.20 + 0.40 
50.00 = 50.25 + 0.50 
50.00 
^15 = 
50.25 + 0.50 
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TABLE - 6.1 (Continued) 
Solvent system Separations 
achieved 
Amount 
taken 
(>ug) 
Amount 
found^ 
(Aig) 
7o Error 
0 0 ) - N ^ G ( 0 . 8 5 ) = 5 0 . 0 0 = 5 0 . 1 5 + 0 . 3 0 
^ 1 6 = 
5 0 . 0 0 
^ 1 6 = 
5 0 . 3 0 + 0 . 6 0 
5 3 ( 0 . 0 0 ) - N ^ ( 0 . 8 5 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 2 0 + 0 . 4 0 
•^4 = 5 0 . 0 0 N4 = 5 0 . 3 0 + 0 . 6 0 
5 3 ( 0 . 0 0 ) - N 7 ( 0 . 8 4 ) = 5 0 . 0 0 = 5 0 . 2 5 + 0 . 5 0 
= 5 0 . 0 0 N7 = 5 0 . 2 5 + 0 . 5 0 
8 3 ( 0 . 0 0 ) - N ^ Q ( 0 . 8 8 ) = 5 0 . 0 0 B 3 = 5 0 . 3 0 + 0 . 6 0 
^ 1 0 = 
5 0 . 0 0 
^ 1 0 = 
5 0 . 4 0 + 0 . 8 0 
3 3 ( 0 . 0 0 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 1 5 + 0 . 3 0 
^ 1 1 = 
5 0 . 0 0 5 0 . 3 0 + 0 . 6 0 
3 3 ( 0 . 0 0 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 2 5 + 0 . 5 0 
^ 1 2 = 
5 0 . 0 0 5 0 . 3 0 + 0 . 6 0 
3 3 ( 0 . 0 0 ) - N ^ 3 ( 0 . 8 4 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 4 0 + 0 . 8 0 
N , 3 = 5 0 . 0 0 ^13 = 5 0 . 4 0 + 0 . 8 0 
8 3 ( 0 . 0 0 - N ^ ^ ( 0 . 9 0 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 4 0 + 0 . 8 0 
^ 1 4 = 
5 0 . 0 0 
^ 1 4 = 
5 0 . 8 0 + 1 . 6 0 
8 3 ( 0 . 0 0 ) ( 0 . 8 4 ) B 3 = 5 0 . 0 0 B 3 =• 5 0 . 3 0 + 0 . 6 0 
^15 = 
5 0 . 0 0 
^ 1 5 = 
5 0 . 6 0 + 1 . 2 0 
6 3 ( 0 . 0 0 ) - N ^ G ( 0 . 8 8 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 2 0 + 0 . 4 0 
5 0 . 0 0 
^16 = 
5 0 . 6 0 + 1 . 2 0 
6 3 ( 0 . 0 0 ) - N ^ 7 ( 0 . 0 0 ) B 3 = 5 0 . 0 0 B 3 = 5 0 . 2 0 + 0 . 4 0 
^ 1 7 = 
5 0 . 0 0 
^ 1 7 = 
5 0 . 3 0 + 0 . 6 0 
TABLE - 6.1 (Continued) 
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Solvent system Separations 
achieved 
Amount 
taken 
(yg) 
Amount 
found® 
(wg) 
7o Error 
00) -N^q(0.90) 50.00 Ng = 50.20 + 0.40 
^10= 
50.00 
^10 = 
50.30 + 0.60 
N g ( 0 . 00) -N^(0.74) Ng = 50.00 N9 = 49.70 -0.60 
N4 = 50.00 N4 = 50. 25 + 0.50 
B^(0. 00) -N^(0.75) = 50.00 = 50.25 + 0.50 
N4 = 50.00 N4 = 50.25 + 0.50 
B2(0. 00) -N^(0.74) B2 = 50.00 "^ 2 = 50.25 + 0.50 
^4 = 50.00 N4 = 50.35 + 0.70 
62(0. 00) -N^(0.87) B2 = 50.00 B2 = 50.20 + 0.40 
N , = 50.00 N7 = 50.40 + 0.80 
62(0. 00) -N^q(0.94) = 50.00 B2 = 50.30 + 0.60 
^10= 
50.00 
^10= 
50.40 + 0.80 
62(0. 00) = 50.00 ^2 = 
50.30 + 0.60 
^11 = 
50.00 
^11 = 
50.35 + 0. 70 
82(0. 00) B2 = 50.00 B2 = 50.30 + 0.60 
N^2 = 50.00 N^2 = 50.45 + 0.90 
62(0. 00) -N^5(0.90) B2 = 50.00 B2 = 50.20 + 0.40 
50.00 
^15 = 
50.40 + 0.80 
00) -N^(0.76) 50.00 ^4 = 50.20 + 0.40 
50.00 N4 = 50.30 + 0.60 
00) -N^(0.83) ^4 = 50.00 •^ 4 = 50.15 + 0.30 
N7 = 50.00 ^7 = 50.30 + 0.60 
B^(0. 00) -N^q{0.94) ^ = 50.00 50.25 + 0.50 
50.00 
^10-
50.3 5 + 0.70 
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TABLE - 6.1 (Continued) 
Solvent system Separations 
achieved 
Amount 
taken 
(xig) 
Amount 
found® 
X Error 
00) 
^4 = 
50.00 ^4 = 50.25 + 0.50 
^ i r 
50,00 N i r 50.25 + 0.50 
00) B4 = 50.00 ^4 = 
50.35 + 0.70 
^12 = 
50.00 N,2= 50.35 + 0.70 
00) S4 = 50.00 ^4 = 50.25 + 0.50 
^14= 
50.00 
^14= 
50.35 + 0.70 
00) -N^3(0.90) 
^4 = 
50.00 ^4 = 50.30 + 0.60 
^15-
50.00 N,3 = 50.45 + 0.90 
00) 
^^ 4 = 
50.00 ^4 = 50.25 + 0.50 
^16 = 
50.00 
^16 = 
50.25 + 0.50 
B ^ ( 0 . 23) -A^(0.79) = 50.00 = 50.20 + 0.40 
^ = 50.00 ^ = 50.20 + 0.40 
B^(0. 26) -A2(0.79) '^ l = 50.00 50.25 + 0.50 
A2 = 50.00 A2 = 50.35 + 0.70 
62(0. 20) -A^(0.81) B2 = 50.00 B2 = 50.20 + 0.40 
A , = 50.00 50.40 + 0.80 
B 2 ( 0 . 25) -A2(0.79) B2 = 50.00 = 50.25 + 0.50 
A2 ^ 50.00 A2 = 50.35 + 0.70 
63(0. 14) -A^(0.83) B3 = 50.00 B3 = 50.30 + 0.60 
50.00 50.75 + 1.50 
B 3 ( 0 . 15) -A2(0.79) B3 = 50.00 B3 = 50.30 + 0.60 
A2 = 50.00 A2 = 50.60 + 1.20 
TABLE - 6.1 (Continued) 
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Solvent system Separations 
achieved 
Amount 
taken 
(Aig) 
Amount 
found^ 
1 Error 
Absolute methanol B^(0.22)-A^(0.80) = 50.00 B4 = 50. 20 + 0.40 
50.00 ^ = 50. 30 + 0.60 
B^(0.25)-A2(0.79) = 50.00 50. 25 + 0.50 
A2 = 50.00 A2 = 50. 45 + 0. 90 
Me:Bu:DMW 
(1:1:1) 
N^(0.16)-Ng(0.70) - 50.00 
50.00 ^8 = 
50. 
50. 
20 
30 
+ 0.40 
+ 0.60 
1-Butanol: 
Methanol 
(1:1) 
N^^^O-SS) from 
N^(O.OO) + 62(0.00) 
30.00 30. 70 + 2.33 
62(0.00) from = 20.00 B2 = 19. 65 -1.75 
N7(0.85) + Ng(0.7 ) 
N^Q(0.85)+N^^(0.85) 
+N^3(0.85)+N^3(0.85) 
+N^g(0.90) 
Parentheses show the R^ values ofo<amino acids, 
a = Each result is a mean of five replicates. 
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TABLE - 6.2 
SOME TERNARY SEPARATIONS OFo<-AMINO ACIDS IN SYNTHETIC MIXTURE 
ON SbP-SILICA GEL - G THIN-LAYER PLATES 
Solvent system Separations achieved 
Ethanol:Benzene 
(1:1) 
- -
(0.00)(0. 
^16 
60)(0.80) 
Ng - N3 -
^16 
(0.00)(0. 65)(0.85) 
1-Butanol:Methano] 
(1:1) 
^18 -
(0.00)(0. 
-^12 
8)(0.93) 
N, - Ng -
^14 
(0.08)(0. 65)(0.88) 
Parantheses show the R^ values ofo<amino acids. 
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Tin(IV) Anl imonatc as a Lcad-Selective Cation Exchanger : 
Synthesis, Characterization, and Analytical Applications 
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Dci);ntmem of Applied Cliemisiry, Fuculiy of Engineering and Technology', 
Aiigiirli Muslim University, Aligarli-2020q2. India 
(Received July 19, 1989) 
A new phase of a Iraci-selef live calion exdiange material, tin(I\'.) antimonate has been prepared, which 
possesses a gtHxl colnmn rxcliaiitje cap.u ily (2.4 me(ini\' lis characterization has been done on the basis of 
its ion-exchange characUTisiics and .some instriimenial studies such as TGA. IR. and X-ray diffraction. The 
utility of the material has been demonstraied by achieving .some binary separations of inetal ions on its column, 
sucli as Al(IlI)-Pb(Il). ,Mg{II)-Pb(n). Fe(III)-Pb(II), AI(III)-Feflll), Mg(Il)-Al(III), and Mgfll)-Fe(III). 
Maximum limits of the column's loading capacity have also been evaluated for all metal ions. 
AII IUMII; I I a laii ;c iiiiinl>RI of i n o i ^ n n i r ion ex-
c h a n g e r s have been prcpari-d a n d .siiulicd s o far, '* l l icrc 
is still need lo obtain a mater ial whicii m a y have a 
g o o d ion-excl iange capaci ty , reproducible propert ies , 
stability, a n d selectivity for a p a r t i c u l a r i o n . T h e s e 
properties a r c impor tant for a belter uti l i ty of a 
material in separat ion scicnce. T i n ( I V ) - b a s e d in-
o r g a n i c ion e x c h a n g e r s ® " g e n e r a l l y possess a greater 
stability both c h c m i c a l a n d thermal as c o m p a r e d to the 
o ther materials of this class. T h e present s tudy was 
undertaken to obtain an ion e x c h a n g e r , s u p e r i o r in 
ion-cxc l iange properties and stability o v e r o t h e r 
.similar materials . 
T i n ( I V ) a n t i m o n a t e has l)een f o u n d to have a 
satisfactory behavior in this regard, li has been found 
lo have a h igh selectivity for lead w h i c h is a chief 
p o l l u t i n g inetal in the a t m o s p h e r e . T h e c o m m o n 
source of lead poisoning is tiie exi iaust f u m e s f rom 
cars. About ninety percent of the lead p r e s e n t in the 
a t m o s p h e r e c o m e s from petrol fumes. Its a c c u m u l a -
tion in body leads to the |xiisoning a n d p r o d u c e s 
(hroiiic illness charncterized by seveie a n a e m i a and 
changes in the kidneys and arteries. 
T h e fol lowing pages s tmimatize the synthesis , 
( hatat tei i / a t i o n and analytical a p p l i c a t i o n s of t i n ( l V ) 
ani i inonatf . Its utility has also been e x p l o r e d for the 
( luanti iat ive separat ion of lead(II) froin s o m e b i n a i ) 
m i x t u i e s on its c o l u m n . A tentative s t r u c t u r e of the 
c o m p o u n d has also suggested o n the bas is of these 
studies and IR s()ectroscopy. 
E x p e r i m e n t a l 
Reagents. The tin(IV) chloride usetl in this study was a 
C. D. H. (A. R.) product, while the potassium antimonate 
was a Loha Chemie product. All other reagents and 
1 heniif als were of Analar grade. 
Apparatus. Spci iinphoiomeii\. pi 1 nu iry. X-ray diffia< -
lion, and IR siuiiics were peifoinied by using a Baust h .ind 
1 .onih .Speciinni( -20. spectrophoiniiieier. an Elico pH-metei, 
Model I.MO, A Philips X-ray diflrac iion unit with a Mo A'a 
largei, and a Perkin Elmer speciroplioiometer, M(Klel-783, 
respectively. Heating effect on the ion-exchange ca|)aciiy 
and weigiu loss was siudied maini.dly in a muffle furnaie. 
Preparation of the Reagent Solutions. A solution (0.05 M: 
l M = l m o l d n r 3 ) „( tin(IV) chloride (.SnCh-SHjO) was 
prepared directly in deionized water, obtained by p>assing the 
tap water through a deionizer plant ( C A - 2 0 / U and CA-
6 0 / U ) . Potassium antimonate [KSb(OH)«) was dissolved in 
5.8 M HCI solution to obtain a 0.05 M .solution. 
Synthesis of the Ion-Exchange Material. A number of 
samples of tin(IV) antimonate were prepared by mixing the 
solutions of tin(IV) chloride (0.05 M) and potassium 
antimonate (0.05 M) in different volume ratios, such as 1:1, 
1:2, 1:3, and 2 :1 . The pH of the resulting gel was fixed in 
the range 0—1 by adding aqueous ammonia with constant 
stirring. The gel thus obtained was kept for 24 hours at 
room temperature (ca. 30 ° C ) and filtered by suction. T h e 
excess acid was removed by washing with deionized water 
and the material was dried in an air oven at 45 °C. It was 
then cracked ituo small granules by putting in deionized 
water. The granules so obtained were of the uniform size 
suitable for column operation. They were converted into the 
H+-form by treating with 1 M HNO3 for 24 hours with 
occasional shaking, intermittently replacing the supernatant 
liquid with a fresh acid. T h e material thus obtained was 
finally washed to remove the excess acid and then dried at 
45 °C. It was then sieved to obtain particles of uniform size 
(50—72 mesh) before using for further studies. Following 
four .sairiples were f)btained possessing different Na* ion-
exchange capacity shown in parentheses corresponding to 
the fom mixing volume ratios as indicated above: 
TA-I (1.2). TA-2 (2.4), TA-3 (2.19). TA-4 (0.90) 
All these samples were powdery in nature and white in 
color except the TA-1 which was light yellow. On the basis 
of its capacity and apparent stability in acids and bases, 
sample TA-2 was selected for all the studies. 
Ion Exchange Capacity (i.e.c.). The i.e.c. was determined 
as usual by the column process taking I g of the exchanger 
(H'^-form) in a glass tube of internal diameter (i.d.) ca. 1 cm, 
fitted with the glass wool at its bottom and passing through 
il ilu> chiani ita. 250 ml) and maintaining a very slow flow 
rale (la. 0.5 ml iniir ' ) . T h e effluciii was titrated against a 
stainlaid alkali Milmion lo find oui the total H"^  ions chiicd. 
The \ alues of ihe i.e.c. in me(]ui\ g" ' for various inetal ions 
arc given below: 
L i + - 2 . I 7 . \ a + - 2 . 4 0 , K + - 1 . 9 5 , Mg2-^-2.2, C a ^ - -
3,12, .Sr2+-.^.44, f5a2-^-3.3, NH.-^-4 .93 
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Effect of Eluant Concentrat ion on the i.e.c. TlieexRiii ol 
elution was found to be dependent on the concentration of 
the eluant. Hencc. a fixed volume (250 ml) of tlie NaXOa 
solution of varying concentrations was passed through 
column containing 1 g of ilie exchanger keeping a sianilard 
( 0 , 5 m l m i n - ' ) flow rate and effluent was titrated against a 
standaid alkali solution fut the H'^  ions < hile<l out. I he 
optimutn ((Jiiceritralion of the ehianl foi a loniplelc cliilion 
of H"^  ions in 250 ml was found to be 1 M. 
Elution Behavior. Since the optimum concentration for 
a complete elution was observed to be I M, a column 
containing 1 g exchanger was eluted with a NaNOs solution 
of I M concentration in different 10 ml fractions with a 
minimum flow rate as described above. This experiment 
was conducted to find out the minimum volume necessary 
for a complete elution of the H"^  ions, which reflects the 
efficiency of the column. The column required 110 ml of the 
eluant. 
Composition. 100 ins ol the [xiwdcrctl sample was 
dissolved in a minimum amount of concentrated HCl. T h e 
solution was then diluted to 250 ml with 4 M HCl and the 
amount of tin and antimony was determined as follows: 
(a) Determination of T i n : Tin was precipitated with a 
frrslily pn'{>ared 6% aqueous solution iif (upfcrron from :in 
addic solution cooled at 10 ®C. It was filtered through a lose 
texture paper containing a small amount of paper pulp. T h e 
paper and precipitates were thoroughly washed, first with a 
cold H2SO4 solution (1 :9) containing 1 g of cupferron/litre 
and then with a cold dilute cupferron solution ( I g l " ' ) , 
ignited and weighed as SnOj. '" 
(b) Determination of Antimony: T h e filtrate was ana-
lyzed for antimony after destroying cupferron with per-
chloric acid. It was evaporated to dryness and the residue 
was collected in a weighed crucible, blasted in a muffle 
furnace at 900 ®C and weighed as Sb204. ' 
These studies suggest a molar comp>osition of the 
compound as S n : S b = 2 : II. 
Chemical Stability. The solubility of tin(lV) antimonate 
in various solverits was determined by the method given 
below: 
200 mg portions of the material were kept with 20 ml of 
ihe solvent for 24 hours at room temperature with 
intermitient shaking. Antimony was determined quantita-
tively in the supernatant liquid as follows: 
T o the 2 ml portion of the above solution were added 
1.0 ml of 9 M HsSO^ and 5 ml of KI reagent (11.2 g of KI-)-2 g 
of ascorbic acid in 100 ml water). The color so developed 
was diluted to 10 ml with water in a standard volumetric 
flask and the absorbance was measured after 2—3 minutes ai 
425 nm against a reagent blank.i® 
The amount in ppm of antimony found in the various 
solvents after the above treatment are given below in 
parentheses: 
D.MWd.TI), I M C ; H 3 C O O H ( l . l b , 2 M HC:i (2.05), 
4 M HCl (4 09). 1 M HN'Os (0.77). 2 M HXOa (1.02). 
4 M H N 0 3 ( 1 . 3 7 ) , 1 M Hj.SO^ < 1.24), 2 .\1 H2.SO4 (2.44). 
I M HCIO4 (0.68), 2.M HC!04 (0.94), 0.1 M N a O H 
(0.98), I M \ a N O 3 (0.08). I M HN'Os (0.21), I M 
.\1U.\03I0 21I. 
Ii divsolxcd appi w i;ibl\ in 0.1 .M KOH solution. 
. NoOH/NoCI 
. KOH/KCl 
• DOH/LlCl 
—CQ(OH)2/COC12 
0.0 a2 0-6 0-6 i o vz u 1.6 20 2.2 2-4 2-6 2.8 
O H " added/mmol 
Fig. I. Equilibrium pH titration curves of tin(IV) 
antimonate. 
p H Titrations. pH titrations were performed by the 
method of Topp and Pepper'^' 500 mg of the exchanger were 
placed in each of the several 250 ml conical flasks, followed 
by the equimolar solutions of alkali and alkaline earth metal 
chlorides and their hydroxides in different volume ratios, the 
final volume being 50 ml, to maintain the ionic strength 
constant. T h e pH of the solutions was recorded after 24 
hours to find out the lime required for equilibrium. It was 
observed that the equilibrium was achieved in 12 days. 
Figure 1 shows the pH-titration curves after keeping the 
mixtures for such a lime period. 
Thermal Analysis. For thennal stability several I g 
portions of the exchanger were heated for 1 hour each at 
various temperatures in a muffle furnace, and the Na* ion-
exchange capacity in mequiv/dry g was determined as usual 
by the column process at room temperature. The results .nre 
summarized below: 
45 ° C—2.40; 100 " C - 2 . 4 0 ; 200 ° C—2.05; 400 ° C — 1.90; 
600 ® C - 1 . 0 0 ; 8 0 0 ' ' C - 0 . 9 8 . 
T h e same sample was also heated at 400 and 8 0 0 " C for 4 
hovns cadi ri sultini; to the i.c.t . as 1.50 and 0.55 me«iuiv 
dry g ri-spcaivi'ly. N'o < hangc in color was observed upto 
200 °C. Above this ieni[)craiutc the color changed to light 
yellow, yellow, and dirty yellow at the temperatures 
mentioned above in that order. 
For Mudyiii;; tin- wi'i^lu loss in llu- malcrial, 50 mg samplr 
wa-i lii'.ilcil .Is ;il)()\c ;ii vai Idus ii'iiipcialuics foi an houi i-ai li 
and wci^lii loss iccuukd. Il w.i.s icpfaltd to assuic ilic 
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Fig. 3. Thermogravimetric (TGA) and differentia! 
ihermogravimetric (DTG) curves of tin (IV) anti-
monate. 
reproducibility. Figure 3 shows the thermogram and its 
differential (DTG). 
IR Studies, The IR spectra of tin(IV) antimonate were 
laken by the KBr disc method and are shown in Fig. 2, for 
the various samples hcaied at diffcn-nt temperatures. 
Distribution Studies. Distribution studies were performed 
on a sample of tin(I\') antimonate (TA-2) for different meial 
ions in various solvents as follows: 
200 mg of the exchanger beads in H"*^-form were equili-
brated with the selected solvents (20 ml) by keeping it at 
room temjierature (or 24 hours. T h e initial metal ion 
concentration was so adjusted that it may not exceed 3% of 
the total ion-exchange capacity of the material and the 
determination was carried out volumetrically using EDTA 
as titrant," ' while the concentration of alkali metal ions was 
determined by the flame photometer. 
The A'd values, as summarized in Table 1, were obtained by 
the formula 
A'u = / - F 
r (ml g - ' ) 
where 
/=Initial amount of the metal ion in the solution phase. 
F=Final amount of the metal ion in the solution phase. 
f''=Volume of the solution (ml). 
/( = Aniouiil of the i xrhanger (g). 
Separations Achieved. T h e 60—100 mesh sized particles 
of the cxchangcr (2 g) in H"^-form were u.scd for the cohimn 
st'pai.iiioii in a glass tube having an internal diameter of ca. 
0.6 cm. T h e column was washed thoroughly with deionized 
water and the mixture to be separated was loaded on it. 
maintaining a flow rate of ca. 2—3 drops/min. The 
separation was achieved by passing a suitable solvent 
through the column as eluent and ther metal ions in the 
effluent were determined quantitatively by EDTA titrations. 
T h e salient features of these separations are given in Table 2 
and Fig. 4. 
Discussion 
T h e most e x c i t i n g feature of these studies is the 
u n u s u a l l y high i o n - e x c h a n g e c a p a c i t y of the mater ia l , 
prepared as an i n o r g a n i c ion e x c h a n g e r . It a p p e a r s 
that the tinfl\') a n t i m o n a t e prepared in these studies is 
super ior to the other tin(IV') based i n o r g a n i c ion 
e x c h a n g e r s in terms of their i.e.c. a n d thermal 
stabi l i ty^-io) as a c o m p a r i s o n shows. A study of the 
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Metal ion 
Table 1 '^a'ucs of Some Common Metal Ions on riii(lV) Atiiimoiian' ii> V;iiioiis Malia 
.Solvent 
.\a( I) 
K r i ) 
Mg(II) 
Ca(II) 
Sifll) 
Ba(ll) 
AJdII) 
Mn(II) 
Fedll) 
CO(II) 
Nifll) 
Cu(ll) 
Zn(II) 
Cd(Il) 
Hg(Il) , 
Pb(II) 
Bi(III) 
D<-ioiii/<'d 
waitT 
0.01 M 
H.NOa 
0.1 M 
ll.N'Oa 
1 M 
I l N ( b 
0.01 M 
IICIO^ 
0.1 M 
IICIO^ 
1 M 
IICIO^ 
1 M 
NiU.NOa 
1 M 
Na.\0; 
69.0 13.0 6.8 4.0 13 6,8 4.0 2.5 0.0 
34.0 .6.7 3.3 2.3 7.0 4.0 2.0 1.3 0.97 
7.1 3.1 1.0 1.0 1.7 1.0 0.62 0.62 0.62 
7.4 7.4 7.4 3.1 7.4 7.4 7.4 3.1 3.1 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 :!.0 10 
5.3. . 5.3 5.3 2.0 5.3 5.3 2.0 2.0 1.0 
4.0 4.0 0.0 0.25 4.0 1.5 4.0 0.67 1.5 
7.0 7.0 3.0 1.7 7.0 3.0 1.0 1.7 1.0 
74.0 74.0 6.5 6.5 6.5 2.8 6.5 6.5 6.5 
7.5 7.5 1.8 3.3 7.5 3.3 84.0 3.3 7.5 
80.0 7.1 1.0 1.7 7.1 1.0 80.0 1.0 1.7 
69.0 6.0 6.0 2.3 6.0 6.0 5.5 5.5 5.5 
8.9 8.9 4.0 2.3 8.9 8.9 8.9 4,0 4.0 
80.0 7.1 3.0 3.0 7.1 3.0 7.1 7.1 7.1 
4.0 4.0 1.5 1.5 4.0 0.67 0.67 4.0 1.5 
210.0 210.0 20.0 210.0 210.0 210.0 210.0 20.0 20.0 
— — 89.0 8.0 — «!).0 (!'.).() — — 
(—)=Not deieciable. 
20 40 60 80 100 0 20 40 60 80 100 120 
Volume of cfflueni/ml 
20 40 60 80 100 
Fig. 4. Separation of AI»+ from from Al'+, and Mg^^ from FiJ+ on 
tin(IV)aniimonate columns: (a)and(ti). I M HNO3; (b)and (f).2 M HCl+2 M 
NHiCl: (c) and (e), 0.1 M HCIO,. 
percent r e i e m i o n of the i .e.c . o n h e a l i n g to various 
lemperaiures indicates thai the m a t e r i a l ( T A - 2 ) does 
not lose its i.e.c. u p l o 100 ° C . It re ta ins a b o u t 41% of 
its i.e.c. even o n h e a l i n g u p t o 8 0 0 ° C whicii is a 
remarkable feature. T h e m i x e d o x i d e s produced on 
healing the material u p t o such a h igh temperature 
might be con\erted into their hydrated forms, when 
the material is treated wi th water , which may be 
responsible for the ion e x c h a n g e behavior . A n o t h e r 
impor tant feature of this ion e x c h a n g e r is its 
reproducible nature. It is observed thai l in(IV) anti-
m o n a t e obtained in \arioub batches does not show any 
appreciable de\iaiion in its ion-cx< h a n g e properties. 
C h e m i c a l l y , a l s o the material a p p e a r s to be highly 
stable. As the results indicate only a negligible 
a m o u n t of T A dissolved in various solvents out of the 
2 0 0 ing taken for its c hemical stability in c a d i 
e x p e r i m e n i . The tin(IV') antimcjnate prepared eailiei 
by Qureshi ei al.® seems to inferior in this regard. It 
a p p e a r s that ihe starting mater ia l used for the 
p r e p a r a t i o n of the ion exc l ianger plays an i m p o r i a n i 
role in deieni i ining its iiioperties. In ihe earlier 
studies a n i i m o n y ( V ) chloride was used for synthesiz-
ing the material as against the [ lotassium a n l i m o n a i e 
[KSb(OH )G] used in the [iiesent study. N o definite 
t o i u h i s i o n ( a n , I i o u i m i . bt d i a w n at i h f nioincni 
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because of ihe confusing and (ontracliciory staieiiu-tns 
regarding ilie varying water coniems in ihe aniimonic 
acid produced on ilie surface of liie materia! depending 
upon llie starting antimony sali.'^ ' 
T l i e col tnnn elution e x p e r i m e n t s indicate a depend-
ence of the concentra t ion of the eluant on the rate of 
e h u i o n . T h e m i n i m u m m o l a r concentra t ion of 
N a N O s as eluant is 1 M for the m a x i m u m elution of 
H"*" ions from a c o l u m n of 1 g of T A . T h e elution is 
cjuiie fast as only 110 ml of the effluent is sufficient for 
a l m o s t complete elution of the H'*" ions from its 
c o l u m n . 
p H ti tration cur\'es obtained under equi l ibr ium 
c o n d i t i o n s are shown in Fig . 1 for L i O H / L i C l , 
N a O H / N a C l , K O H / K C l , and C a ( O H ) 2 / C a C l 2 sys-
tems. T h e s e studies are different from others generally 
m a d e on such materials. T h e normal pract ice has been 
to perform the pH-i i t rat ion under a n o n e q u i l i b r i u m 
process.® As it is clear from the figure, the inflection 
point for the exci iange of alkali metals resemble with 
the i.e.c. obtained, i.e. 2 . 4 m e q u i v / d r y g. T h e p H 
ti tration curve for Ca^* however does not show any 
inflection. In this regard our product is similar to 
a n t i m o n y ( V ) silicate'®' and hydrated a n t i m o n y ox-
ides. '^ 
T h e n n o g r a v i m e t r y and IR studies point to the 
ft)U<)wing tentative formula of the c o m p o u n d 
Sn2[.Sb(0H)6]ii-nH20 
A s s u m i n g thai at 100 ° C only the external water 
molecules are lost, the 5.2% loss represented by the 
rC;A ( u r v e must be due to the loss of 7JH2O from the 
above structure. T h e value of the external water 
molecules , can be calculated using A l b e n i ' s equa-
tion:'®' 
_ x{M -h I8n) 
ioo 
where, x is the % weight loss (5.2%i in the e x c h a n g e r 
on heat ing u p t o 100 ° C . M = m o l e c u l a r weight of the 
material m i n u s the external water molecules. 
T h e above equation then gives the external water 
molecules per molecule of tin(I\') a n t i m o n a t e ca. 8. 
T h e differential t h e r m o g r a m ( D T G ) gives a oeiter 
view of the changes corresponding to the two 
inflect ions in the T G A curve (Fig . 3). T h e s h a r p peak 
at ca. 100 ° C represents the loss of external water 
molecules while the other broad one is due to the 
condensat ion process which cont inues u p t o ca. 500 
Beyond this temperature the material m i g h t ha\e 
( o m p l e t e l y c h a n g e d into the oxides that is why no 
further weight loss occurs. 
T h e IR studies confirm the presence of - O H groups 
and external water molecules in addit ion 10 the metal 
oxides ( S n O and Sb205) present in the material . 's ' T h e 
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peaks at 1400—1500 c m - > a n d ca. 3000 c m - ' arc 
represeniaiive of the e x t e r n a l water molecules, the 
former being a lso representat ive of the strongly 
bonded O H g r o u p s in the m a t r i x . As Fig. 2 indicates 
these f)eaks are observed even w h e n the material is 
healed av a m u c h h i g h t e m p e r a t u r e . U m a y be due to 
the absorpt ion of w a t e r m o l e c u l e s f rom the a tmo-
sphere by the m a t e r i a l d u r i n g c o o l i n g . X - R a y studies 
point to the a m o r p h o u s n a t u r e of the T A as no peaks 
are observed by the diffract ion pat tern . 
T h e most p r o m i s i n g p r o p e r t y of the material is its 
ex t raordinary h i g h selectivity for lead. W h e n the 
separation of lead f rom o t h e r metal ions was tried on 
its c o l u m n , it w a s observed that lead was totally 
adsorbed a n d its l e a c h i n g w a s n o t possible even in an 
eluant consis t ing of 4 M H C l + 4 M K Q . It may be due 
K> the format ion of an insoluble lead a n t i m o n a t e on 
the surface. L e a d a n t i m o n a t e has been found to an 
i n o r g a n i c ion e x c h a n g e r . ^ * T h e e x p e r i m e n t a l details 
of s o m e representative s e p a r a t i o n s of Pb(II) from 
Al(III) , Fe<III), a n d M g ( I I ) a r e given in T a b l e 2 . T h u s , 
the material c a n be util ized for a quanti ta t ive 
separat ion of lead f r o m the m i x t u r e s c o n t a i n i n g 
several metal ions . T h i s p r o p e r t y of T A may prove 
useful in the e n v i r o n m e n t a l studies. Other binary 
separat ions tried o n the T A c o l u m n have been A l ( I I I ) -
Fe{III) , A l ( I I I ) - M g ( I I ) , a n d M g ( I I ) - F e ( I I I ) . T a b l e 2 
and F i g . 4 i l lustrate the sal ient features of these 
separations. 
C o n c l u s i o n 
T i n ( I V ) a n t i m o n a t e , p r e p a r e d in these studies as a 
new i n o r g a n i c i o n - e x c h a n g e mater ia l has a good ion 
e x c h a n g e c a p a c i t y a n d is h i g h l y selective for Pb. T h i s 
behavior of T A is p r o m i s i n g in the field of pol lut ion 
chemistry where an effective s e p a r a t i o n method is 
needed for lead f r o m o t h e r p o l l u t a n t s . T h i s material 
has been characterized o n the basis of its chemical and 
thermal analysis , I R studies, a n d s o m e i o n - e x c h a n g e 
characteristics such as i o n - e x c h a n g e capaci ty , e lut ion 
and c o n c e n t r a t i o n behavior , p H - t i t r a t i o n s and dis-
tr ibution studies. O n the basis of dis t r ibut ion studies 
some binary metal separa t ions have been achieved. 
T h e a u t h o r s tluink I ' i ' c j I . K . T . N a s i m for the 
research facilities and the U. P. C. S. T . for the 
financial as.sistance to one of them (U. G.) . 
References 
1) "Inorganir Ion Exchange Maieri-ah," ed by A. 
Clearfield, C. R. C. Press Inc., Bora Raton Florida (1982). 
2) M. Qureshi, V. Kumar, and N. Z e h r a , C h r o m a l o g r . , 
67,351 (1972). 
3) M. Qureshi and J. P. Rawai, y. hiorg. Nucl. Chem., 30, 
305 (1968). 
4) M. Qureshi, A. P. Gupta, S. N. A. Rizvi, and N. A. 
Shakeel, Read. Polyrn. Ion Exch. Solvents. 3(1), 23 (1984). 
5) G. Al.berii, U. Cosiantino, F. DiGregorio, and E. 
Torracca.y. hiorg. Nucl. Chem., 26, 2241 (1964). 
6) S. A. Nabi and W. A. Siddiqui, Bull. Chem. Soc. ]pu., 
59, 2003 (1986). 
7) K. G. Varsliney and A. A. K h a n , } . hiorg. Nucl. Chem., 
41,241 (1979). 
8) M. Qureshi. K. G. Varshncy. and A. H. Israili, J. 
Chromatogr., 59, 141 (1971). 
9) M. Qureshi, K. G. Varshncy, and F. Khan, } . 
ChTomatosr.,M6, 167 (1976). 
10) M. Qureshi, R. Kumar, and R. C. Kaushik, Sefm. Sci. 
Technol., 13, 185 (1978). 
11) I. M. Kolthoff, P. J . ElviiiB, and E. B. Sandtll, 
"Treatise on Analytical Chemistry," Itiierscience, New York 
(1961), Vol. 3, Part II, p. 358. 
12) E. B. Sandell, "Colorimetric Determination of Traces 
of Metals," Interscience Publishers, Inc., New York (1959), 
Vol. Ill, p. 266. 
13) N. E. T o p p and K. W. Pepper, J. Chem. Soc., 1949, 
3299. 
14) C. N. Reilly, R. W. Schmidt, and F. S. Sadek, J. Chem. 
Educ., 36. 555 (1959). 
15) "Inorganic Ion Exchange Materials," ed by A. 
Clearfield, C. R. C. Press Inc. Boca Raton Florida (1982), p. 
197. 
^16) K. G. Varshney, U. Sharma, S. Rani, and A. Premadas, 
Sepii. Sci. Technol., 17, 1527 (1982—83). 
17) M. Abe and T . Ito, Bull. Chem. Soc. Jpn., 41, iii 
(1968). 
18) G. Alberii, E. Torracca, and A. Come, J. hiorg. Nucl. 
Chem., 28 ,607 (1966). 
19) C. N. R. Rao, "Chemical Application ol Infruied 
Spectroscopy," Academic Press, New York (1963). 
20) P. S. Thind and T. K. Bindal, J. Liquid Chromatogr., 
3, 573 (1980). 
m W ^ 
October, 1992] © 1992 Tne Chemical Society of Japan Bull. Chem. Sac. Jpn., 65, 0000-0000 (1992) 0000 
Chromatographic Separation of a-Amino Acids on Antimony(V) 
Phosphate-Silica Gel 'G' Plates from Some Synthetic 
Mixtures and Drug Samples 
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and U p m a GUPTA 
Department of Applied Chemistry, Faculty of Engineering & Technology, 
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(Received February 13, 1992) 
Thin-layer chromatography of a-amino acids has been performed on the antimony(V) phosphate-silica gel 'G' 
plates in different aqueous, nonaqueous, and mixed solvent systems. The study has resulted into the separation 
and determination of amino acids from their mixtures of the same type such as acidic from acidic, and neutral from 
neutral. Separations of basic amino acids from neutral and acidic amino acids have also been made. The method 
has been utilized for the quantitative separation of amino acids from two drugs namely 'Astymin Forte' and 
'Santevini (Plus)'. 
Silicagel-G has been used earlier in the thin-layer 
chromatographic studies of amino acids by Brenner, 
Neher,3> Opienska-Blauth,^' and many otherf®' in var-
ious solvent systemsi. Attempts have also been made 
for their detection using resin beads.''®' Synthetic inor-
ganic ion exchangers have great promise in c o l u m n , " " 
paper , " ' and thin-layer^^' chronatographic separations 
of amino acids. However , most of these studies relate 
only to the qualitative aspccts and very few quantitative 
studies have been reported so far using the materials. 
Moreover , the separations achieved are amongst differ-
ent categories of amino acids like basic-acidic, basic-
neutral, and neutral-acidic,*^' T h e present study is an 
attempt to explore the possibility of using inorganic ion 
exchangers for the quantitative separation of amino 
acids of the same type. This paper reports the results 
of the thin-layer c h r o m a t o g r a p h i c study on silica gel ' G ' 
mixed with ant imony(V) phosphate cation exchanger in 
varying ratios, as the latter has been found to modify the 
separation ability of silica gel 'G'. 
Experimental 
Regents and Chemicals: Antimony(V) chloride used in 
this study was of 98% purity obtained from Fluka (Switzer-
land) and the trisodium orthophosphate was l B. D. H. Poole 
(England) product. All other reagents and chemicals were of 
analytical grade. 
Apparatus: A T L C applicator of M / S Toshniwal (India) 
was used to prepare thin layers of 0.1 mm thickness or. glass 
plates (20X3 cm). These thin layers were developed by the 
ascending technique in ordinary 24X6 cm glass jars containing 
the developer. 
A micropipette (I —100 n! capacity) of "gilson Medical 
Electronic (France)" was used to put a spot of known amount 
on the TLC plates for quantitative separations. 
A Bausch and Lomb Spectronic 20 spectrophotometer was 
used for colorimetric studies. 
Preparation of the Thin-Layer Plates: Thin-layer plates 
were prepared either of the pure silica gel-G or the mixtures 
of antinony(V) phosphate (AP), prepared by an earlier 
m e t h o d , a n d silica gel-G of the following compositions 
(w/w) : 
5 : 9 5 , 10 :90 , 15:85, 2 0 : 8 0 , 2 5 : 7 5 , 3 0 : 7 0 , 4 0 : 6 0 , 
and 5 0 : 5 0 . 
The method adopted to prepare the plates was as follows: 
Twenty-five grams of the adsorbent were mixed with 60 ml 
of glass distilled water (GDW) and shaken well for 10 min to 
mad a slurry, which was then spread over the glass plates with 
the help of an applicator to obtain a uniform thin layer of 0.1 
mm thickness. The plates were dried, first at room tempera-
ture and then at 100 °C for J h before use. 
Test Solutions: One tenth percent aqueous solutions of 
24a-amino acids, symbolized below, were prepared in GDW. 
Neutral Amino Acids; Ni: Glycine, N2: L-Hydroxyproline, 
N3: DLAIanine, N<: Di.-2-Aminobutyric acid, N5: DI.-Serine, 
Ne: Proline, N7: OL-Valine, Ng: DL-Threfonine, Ng: ni-
Cysteine-HCl, Nio: L-Leucine, Nu: OL-Isoleucine, N12: 01.-
Norleucine, N13: DL-Methionine, N^: Tyrosine, N15: DL-
Phenylalaniiio-^ie: oL-Tryptophan, Ni?: DL-(3,4-Dihydroxy-
phenyl) alanine. Nig: i.-Cystine. 
Basic Amino Acids; Bi: L-Ornithine, B2: 1.-Lysine. • HCI, 
83: L-Histidine, B<: i.-Arginine. 
Acidic Amino Acids; Ai: Aspartic acid, A2: Glutamic acid. 
Ninhydrin Reagent; A 2% alcoholic solution of ninhydrin 
was used for the detection of amino acids. 
For quantitative determination the reagent was prepared as 
follows: 
Four Hundred milligrams of the hydrated tin(II) chloride 
(SnClz • 2H2O) were dissolved in 250 ml of the citrate buffer of 
pH 5.0, prepared by dissolving 21 g of citric acic in 200 ml of I 
M NaOH (I M=l moldm-^) and further diluting to 500 ml' 
with GDW. It was termed as solution "A". 
In another fiask 4% ninhydrin solution was prepared in 
methyl cellosolve (ethylene glycol monomethyl ether). It was 
termed as solution "B". 
Freshly prepared equivolume mixtures of these two solu-
tions were used in all the determinations. 
Solvent Systems Used as Developers: The following sol-
vent systems were used as developers: 
Demineralized water (DMW), acetic acid (HAC), methanol 
(Me), ethanol (Et), l-butanol (Bu), benzene (Bz), acetone, 
diethyl ether, l-butanol+methanol ( 1 : 1 ) , ethanol+benzene 
( 1 : 1 ) , methanol-J-benzene+DMW ( 1 : 1 : 1 ) , methanol+l-
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b u i a n o i + D M W ( 1 : 1 : 1 ) , i -butanol+acetic acid-^DMW 
( 4 : 1 : 5 ) , e thanol+acct ic a c i d + D M W ( 4 : 1 : 5 ) , acetone+ 
benzene+aceiic acid ( 4 : 5 : I). 
Procedure: Thin glass capillaries were used to spot the test 
solutions. The solvent systems were allowed to ascend 10 cm 
on the plates. After drying at room temperature the spots 
were detected by spraying with alcoholic ninhydrin solution, 
warming for a few minutes. Figure 1 gives the Rt values of all 
the 24o-amino acids in different develooers. 
Separations Achieved. (A) Synthetic Mixtures: Binary, 
ternary, and multinary mixtures were prepared by mixing 
equal volumes of the amino acid solutions. The mixtures 
were spotted on the plates with a micropipette and the devel-
opment was made as usual. Pilot chromatograms were run 
under similar conditions to ascertain the actual position of the 
spots on the experimental plates. After the development, the 
spots on pilot plates were detected using the ninhydrin reagent. 
The same portions of the experimental plates were then 
scratched out and the amino acids present in these portions 
were extracted with small portions of the absolute alcohol, 
total 5 ml being used for complete elution. 
Determination was carried cut by the standard ninh>. -in 
method" ! as follows: 
One milliliter each of the sam; le solution and ninhydn.'. 
reagent were mixed thoroughly in i test tube and heated in a 
boiling water bath for about 20 mi.i. Five millilitres of the 
N , N j N j N ; N s Ne N , N j N , N , o N „ N „ N , j N u N i s N u N , , N u B , B j B j B * A , A , 
A m i n o Q c i d s ( I n t h e i n c r e a s i n g order of t h e i r m o l . v / t . in 
e a c h c a t e g o r y ) — 
Fig. 1. Plots of Ri values for the amino acids in various solvent systems on the T L C plates 
of silica gel 'G' & AP+silica gel 'G' ( 2 0 : 8 0 ) 
Oc-ob«r, 1992] Chromatographic Separation o f a - A m i n o Acids 
Table 1. Quantitative Separations of o -Amino Acids in Synthetic Mixtures 
on Ap-Siiica Gel " C " Thin-Layer Plates 
Solvent system 
r . 
Separations achieved • 
Amount taken Amount found" 
% Error 
t i g t i g 
A I (0 .08)-A2 (0 .70) A , = 5 0 . 0 0 A = 5 0 . 5 0 + 1.00 
A2=50 .00 A 2 = 5 ; . 2 5 + 2 . 5 0 
Ni(0.00)-N<(0.81) N i = 5 0 . 0 0 N , = 4 9 . 5 0 - 1 . 0 0 
N<=50.00 N<=50.50 + 1.00 
NI (0 .00)-N7 (0 .84) N , = 5 0 . 0 0 N , = 5 0 . 2 5 + 0 . 5 0 
N7=50 .00 N7=50.75 + 1.50 
N,(0.00)-N,o(0.90) N i = 5 0 . 0 0 N , = 4 9 . 7 5 - 0 . 5 0 
N,o=50 .00 N,o=50.30 + 0 . 6 0 
Ni(0 .00) -Nn(0 .83) N I = 5 0 . 0 0 Ni=50 .15 + 0 . 3 0 
N n = 5 0 . 0 0 N i , = 5 0 . 4 0 + 0 . 8 0 
N,(0 .00)-N,2(0 .87) N , = 5 0 . 0 0 N , = 5 0 . 2 5 + 0 . 5 0 
N,2=50 .00 N,2=50.50 + 1.00 
Ni(0.00)-N,3(0.86) N 1=50 .00 N , = 5 0 . 2 0 + 0 . 4 0 
N , 3 = 5 0 . 0 0 N,3=50.60 + 1.20 
N I (0 .00)-NH (0 .88) N , = 5 0 . 0 0 N , = 4 9 . 5 0 - 1 . 0 0 • 
NM=50 .00 N u = 5 0 . 7 5 + 1.50 
Ni(Q.OO)-N,5(0.85) N s = 5 0 . 0 0 Ni=50 .25 + 0 . 5 0 
N,5=50 .00 N I5=50.50 + 1 .00 
Ni(0.00)-N,6(0.85) N i = 5 0 . 0 0 Ni=50 .25 + 0 . 5 0 
N I6=50 .00 N I6=50.40 + 0 . 8 0 
N5(0.00)-N7(0.83) N5=50 .00 N5=50.30 + 0 . 6 0 
N7=50 .00 N7=50.50 + 1.00 
N5(0.00)-N,O(0.90) N5=50 .00 N5=49.70 - 0 . 6 0 
N,O=50.00 NIO=50.25 + 0 . 5 0 
N5 (0 .00)-Nn(0.85) N 5 = 5 0 . 0 0 N5=50.30 + 0 . 6 0 
N „ = 5 0 . 0 0 N n = 5 0 : 4 0 + 0 . 8 0 
N5(0.00)-N,2(0.90) N5=50 .00 N5=50.10 + 0 . 2 0 
N,2=50 .00 N,2=50.40 + 0 . 8 0 
N5(0.00)-N,3(0.82) N5=50 .00 N5=49.80 - 0 . 4 0 
N I3=50 .00 N I3=50.10 + 0 . 2 0 
N5(0.00)-NH(0.86) N5=50 .00 N5=50.20 + 0 , 4 0 
N u = 5 0 . 0 0 NU=50 .30 + 0 . 6 0 
N5(0.00)-Ni5(0.84) N5=50 .00 N5=50.15 + 0 . 3 0 
N I5=50 .00 N,5=50.25 + 0 . 5 0 
N5(0.00)-N,6(0.87) N5=50 .00 N5=50.30 + 0 . 6 0 
N,6=50 .00 N,6=50.50 + 1.00 
Ni8(0.00)-N^(0.81) N I8=50 .00 N,8=50.20 + 0 . 4 0 
N<=50.00 N4=50.60 + 1.20 
Ni8(0.00)-N7(0.84) N ,8=50 .00 N,8=50.25 + 0 . 5 0 
N 7 = 5 0 . 0 0 N7=50.75 + 1.50 
NI8(0.00)-N,O(0.90) N 18=50.00 N , 8=50 . I5 + 0 . 3 0 
Nio=50.00 N,o=50.60 + 1.20 
N I8 (0 .00) -N„(0 .86) N 18=50.00 Nis=50.20 + 0 . 4 0 
N n = 5 0 . 0 0 N n = 5 0 . 3 0 + 0 . 6 0 
Nie(0.00)-Ni2(0.86) N ,8=50 .00 N,8=49.90 - 0 . 2 0 
N I2=50 .00 N,2=50.30 +0 .6C 
N ,8(0.00)-N,3(0.84) N 18=50.00 Nil = 5 0 . 2 5 + 0 . 5 0 
N I3=50 .00 N r = 5 0 . 5 0 + 1.0C 
N|8(0.00)-KII(0.9) N I6=?0 .00 N,i=5C.25 + 0 . 5 0 
NM= 50.00 N u = 5 t . 3 0 + 0 . 6 0 
NI8(0.00)-NI5{0.86) NI8=5C.00 Nu=5' : .^0 -^-0.60 
N I5=50.00 N , t = 5 0 . 3 0 + 0 . 6 0 
KI8(0.00)-NIC(0.83) N ,8=50 .00 Nu--5C.25 + 0 . 5 0 
N,6=50 .00 N 16=50.40 + 0 . 8 0 
B,(0 .00 ) -N7 (0 .83) B , = 5 0 . 0 0 B,=5C.30 + 0 . 6 0 
N 7 = 5 0 . 0 0 N , = 5 0 . 4 0 + 0 . 8 0 
Bi(0.00)-N,„(0.90) B , = 5 0 . 0 0 B , = 5 0 . 2 5 + 0 . 5 0 
N,o=50 .00 N 10=50.25 + 0 . 5 0 
B,(0 00) N„(0.S5) B , = 5 0 . 0 0 B , = 5 0 . 3 0 + 0 . 6 0 
N i , = 5 0 . 0 0 Ku=SQ.5Q + 1.00 
Bt(0.00)-N,2(0.87) B i = 5 0 . 0 0 B , = 5 0 . 2 0 + 0 . 4 0 
N I2=50 .00 N,2=50.25 + 0 . 5 0 
Ethanol : Benzene 
(1--1) 
1-Biutanol : Methanol 
(i-.n 
l -Bulanol : Methanol 
(1:1) 
1-Butanol: Methanol 
( 1 : 1 ) 
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Table 1. (Continued) 
Solvent system Separations ac)5ieved 
Amount taken Amount found*' 
9c Error 
l^g 
B i (0 . 00) -N I3 (0 . 84) B , = 5 0 . 0 0 B , = 5 0 . 2 5 + 0 . 5 0 
N,3=50.00 N,3=50 .20 + 0 . 4 0 
B I (0 .00) -NM (0 .88) B , = 5 0 . 0 0 8 , = 5 0 . 2 0 + 0 . 4 0 
N„=50.00 N , 4 = 5 0 . 2 0 + 0 . 4 0 
Bi (0 .00) -N,5(0 .85) B i = 5 0 . 0 0 B , = 5 0 . 2 5 + 0 . 5 0 
N I6=50.00 N,5=50 .25 + 0 . 5 0 
BI(0 .00) -N,6(0 .85) B , = 5 0 . 0 0 B , = 5 0 . 1 5 -^0.30 
NI6=50.00 N,6=50 .30 + 0 . 6 0 
B3(0.G0)-N<(0.85) B3=50.00 8 3 = 5 0 . 2 0 + ".40 
N4=50.00 N4=50 .30 +^..60 
B3 (0 .00 ) -N7 (0 .84) B3=50.00 8 3 = 5 0 . 2 5 + 0 . 5 0 
N7=50.00 N7=50 .25 + 0 . 5 0 
B3(0.00)-N,O(0.88) B3=50.00 8 3 = 5 0 . 3 0 + 0 . 6 0 
Nio=50.00 N,O=50.40 + 0 . 8 0 
B3 (0 .00) -N I I (0 .83) B3=50.00 8 3 = 5 0 . 1 5 + 0 . 3 0 
N u = 5 0 . 0 0 K .1=50 .30 + 0 . 6 0 
B3 (0 .00)-N,2(0 .88) B3=50.00 8 3 = 5 0 . 2 5 + 0 . 5 0 
N,2=50.00 N , 2 = 5 0 . 3 0 + 0 . 6 0 
B3 (0 .00)-N I3 (0 .84) B3=50.00 8 3 = 5 0 . 4 0 + 0 . 8 0 
N,3=50 .00 N , 3 = 5 0 . 4 0 + 0 . 8 0 
B3 (0 .00)-NM (0 .90) B3=50.00 8 3 = 5 0 . 4 0 + 0 . 8 0 
NH=50 .00 N,4=50 .80 + 1 .60 
B3 (0 .00 ) -Ni5 (0 .84) 0 3 = 5 0 . 0 0 8 3 = 5 0 . 3 0 + 0 . 6 0 
N I5=50.00 N,5=50 .60 + 1.20 
B3 (0 .00) -N,6(0 .88) B3=50.00 8 3 = 5 0 . 2 0 + 0 . 4 0 
N,6=50.00 N,6=50 .60 + 1.20 
B 3 ( 0 . 0 0 ) - N , 7 ( 0 . 8 0 ) B3=50.00 8 3 = 5 0 . 2 0 + 0 . 4 0 
N,7=50.00 N,7=50 .30 + 0 . 6 0 
N9 (0 .00)-N ,o (0 .90) N9=50.00 N9=50 .20 + 0 . 4 0 
Nio=50.00 N,0=50 .30 + 0 . 6 0 
N9 (0 .00)-N4(0.74) N9=50.00 N9=49 .70 - 0 . 6 0 
N4=50.00 N4=50 .25 + 0 . 5 0 
B , (0 .00) -N4(0 .75) B I = 5 0 . 0 0 8 , = 5 0 . 2 5 + 0 . 5 0 
N4=50.00 N4=50 .25 + 0 . 5 0 
B2 (0 .00)-N<(0.74) B2=50.00 Bji=50.25 + 0 . 5 0 
N4=50.00 N4=50 .35 + 0 . 7 0 
B2 (0 .00 ) -N7 (0 .87) B2=50.00 8 j = 5 0 . 2 0 + 0 . 4 0 
N7=50.00 N7=50 .40 + 0 . 8 0 
B2 (0 .00)-N,0(0 .94) B2=50.00 8^=50 .30 + 0 . 6 0 
N,O=50.00 N,o=50 .40 + 0 . 8 0 
B2 (0 .00 ) -Nn(0 .90 ) B2=50.00 8 j = 5 0 . 3 0 + 0 . 6 0 
Nii=50 .00 N u = 5 0 . 3 5 + 0 . 7 0 
B2 (0 .00 ) -Ni2 (0 .73) B2=50.00 B j = 5 0 . 3 0 + 0 . 6 0 
N I2=50.00 N,2=50 .45 + 0 . 9 0 
B2 (0 .00) -N,5 (0 .90) B2=50.00 B j = 5 0 . 2 0 + 0 . 4 0 
Nis=50.00 N,5=50 .40 + 0 . 8 0 
B4(0.00)-N4(0.76) 8 4 = 5 0 . 0 0 B , = 5 0 . 2 0 + 0 . 4 0 
N4=50.00 N4=50 .30 + 0 . 6 0 
B4(0.00)-N7 (0 .83) B4=:-0.U0 8 4 = 5 0 . 1 5 +C.3C 
N7=50.00 N7=50 .30 + 0 . 6 0 
B4(0.00)-N,O(0.94) B<=50.00 B . = 5 0 . 2 5 + 0 . 5 0 
Nio=50.00 Ni,---50.35 + 0 . 7 0 
B 4 ( 0 . 0 0 ) - N „ ( 0 . 9 0 ) 8 4 = 5 0 . 0 0 B4==50.25 + 0 . 5 0 
N u = 5 0 . 0 0 N u = 5 0 . 2 5 -t-0.50 
B4(0.00)-N,^(0.73) 84=50 .00 8 4 = 5 0 . 3 5 + 0 . 7 0 
N,2=50.00 N 12=50.35 + 0 . 7 0 
B4(0 .00)-NU(0.78) 8 4 = 5 0 . 0 0 8 4 = 5 0 . 2 5 + 0 . 5 0 
NI4=50.00 N I4=50 .35 + 0 . 7 0 
B4(0.00) N,5(0.90) 8 4 = 5 0 . 0 0 8 4 = 5 0 . 3 0 + 0 . 6 0 
N,5=50.00 N I5=50.45 + 0 . 9 0 
8^(0.00) Nio(0.88) 84=50 .00 8 4 = 5 0 . 2 5 + 0 . 5 0 
N,6=50.00 N,6=50 .25 + 0 . 5 0 
BiC0.23) 'Ai(0 ,79) Bi=5Q.OO B,=5Q.2Q -rQ.4Q 
A i = 5 0 . 0 0 A , = 5 0 . 2 0 + 0 . 4 0 
1-Buianol: Methanol 
(1:1) 
Absolute ethanol 
Absolute ethanol 
Absolute methanol 
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Table 1. (Continued) 
Solvent system Separations achieved 
Amount taken Amount foi-nci"' 
MS 
% Error 
B, (0 .26 ) -A2 (0 .79) B i = 5 0 . 0 0 E :=5C.25 + 0 . 5 0 
A2=50 .00 A2=5G.35 • + 0 . 7 0 
B2 (0 .20)-A I (0 .81) B2=50 .00 6 2 = 5 0 . 2 0 + 0 . 4 0 
A i = 5 0 . 0 0 A I = 5 0 . 4 0 + 0 CO 
B2(0.25)-A2(0.79) B2=50 .00 8 2 = 5 0 . 2 5 
A2=50 .00 A2=50 .35 +0.7C 
B3 (0 . I4 ) -A, (0 .83) 8 3 = 5 0 . 0 0 8 3 = 5 0 . 3 0 + 0 . 6 0 
A i = 5 0 . 0 0 A , = 5 0 . 7 5 + 1.50 
B3(0.15)-A2(0.79) B3=50 .00 8 3 = 5 0 . 3 0 + 0 . 6 0 
A2=50 .00 A2=50.60 + 1.20 
Absolute methanol B4(0 .22)-A,(0 .80) B4=50.00 BX=50.20 + 0 . 4 0 
A i = 5 0 . 0 0 A , = 5 0 . 3 0 + 0 . 6 0 
B, (0 .25 ) -A2 (0 .79) B4=50.00 B4=50.25 + 0 . 5 0 
A2=50 ,00 A2=50 .45 + 0 . 9 0 
M e : B u : D M W NI {0 .I6)-N8 (0 .70) N I = 5 0 . 0 0 • N I= 5 0 . 2 0 + 0 . 4 0 
( 1 : 1 : 1 ) N8=50 .00 N8=50.30 + 0 . 6 0 
l -Butanol : Methanol N,3(0.85) from NI3=30.00 N,3=30 .70 + 2 . 3 3 
( 1 : 1 ) N,(0.00 )+B2 (0 .00) 
62(0.00) from , 8 2 = 2 0 . 0 0 8 2 = 1 9 . 6 5 - 1 . 7 5 
N7(0.85)-(fB^6.7)+ 
N,o(0.85)-fTQ„(0.85) 
+N , 3 (0 .85 )+N,5(0 .85 ) 
+N,6 (0 .90 ) 
Parentheses show the R< values of amino acids, 
a) Each result is a mean of five replicates. 
Table 2. Some Ternary Separations of a - A m i n o Acids 
in Synthetic Mixtures on AP-Silica Gel 
" G " Thin-Layer Plates 
Solvent system Separations achieved 
Ethanol: Benzene Ns-Ng-Nie 
( 1 : 1 ) (0 .00)(0 .60)(0 .80) 
N 9 - N 3 - N 1 6 
(0 .00)(0 .65)(0 .83) 
1-Butanol: Methanol Ni8-N8-NI2 
( 1 : 1 ) (0 .00)(0 .8) (0 .93) 
Ni-Ne-Ni4 
(0 .08)(0 .65)(0 .88) 
Parentheses show the Rt values of a m m o acids. 
diluting solution (equal volumes o f G D W and l-propanol) was 
then mixed to this sc.ui'.on while still on the water bath. A 
blank was also prepared in a simila'- manner. After cooiing 
tne solution was further diluted to 10 ml witu the diluting Vu.min M Viiatnm Bi -~1 .0 , N' i joimamiot= lO.O, Cal-
solution. The purple color so developed has its Ama* at 570 
nm. A standard curve was prepared for glycine. T a t 1 
and 2 summarize the determination and separation results. 
(B) Drug Sampies: Two drug samples namely 'Astymin 
Forte ' (capsule) and 'Santevini (Plus)' (licuid) were taken for 
their analyses. These drugs have the following composition 
in mg as per the labels on them: 
'Astymin Forte ' manufactured by T A B L E T S (India"* Ltd. 
has: i -Leucine=18 .3 , i.-lsoleucine=5.9, t-Lysine• H C l - 2 5 . 0 , 
i .-Phenylalanine=5.0, L -Threonine=4.2 , L-Valine=6.7, 1-
T r y p t o p h a n = 5 . 0 , Di.-Methionine=l8.4, 5-hydroxyanthranilic 
acid hydrochloride=0.2 . Vitamin A (as palmitate)=2500.0 , 
Viiamin D3=200 .0 , Thiamine mononilrate=5.0 , Vitamin 
6 2 = 3 . 0 , Nicotinamidc=25.0 , Vitamin Bfl .5 , Folic ac id=0 .75 . 
Calcium pantolhenaie=5.0 , Vitamin Bi2=2.5, Vitamin 
C = 4 0 . 0 , Vitamin E = 7 . 5 . 
'Santevini ( " i u s ) ' manufactured by S A V D O Z (India) Ltd. 
hac- l - L - nc • H C ' = 1 0 0 . 0 , G i y c i n n e = - . m - •.•'hionine=29.0, 
Table .1. Determination of i-Lys'nf and DL-Ms:hionine ir. "A'-tyir.in F o r t e ' a n d 'Santevini (Plus) ' 
on \ ? - F i : i c a Ge! " G " Thir.-Laver P..--cs 
Commercial name 
of the drug 
Labelled amount of . , . , . , c j 
amino acids in drug taken Amount found % Deviation from the 
mg-' ug Mg ,b| 
labelled composition 
i. Astymin For te i - L y s i n - H C i - 2 5 . 0 0 50.00 49 .15 - 1 . 7 0 
(Capsule) 
2. Santevini (plus) D : . -Methion;r-c=29.00 58.00 59 .20 + 2 . 0 7 
(Liquid) 
a) Per capsule /15 ml of the drug, b) Each result is a mean of five replicates. 
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ciurT-=75.0, Magnesiu^=6.0 Manganess=l.0. 
Procedure. •A.stymin Forte'was stirred wel! in 10 ml of the 
GDV.' anc then niieied. The fiiirate was diluted to 50 ml 
with GDW. Fifteen miiiiiiters of 'Santevini (Plus)' was 
direct.v diluted to 5C ml with GDW. 
Spots of the stanaard solutions prepared as above were 
putted on the T L C plates with a micropipette and tho rest of 
the method followed was the same as described above. Table 
3 gives the results. 
Results and Discussion 
The main feature of these studies is to evolve a simple, 
less expensive, and accurate method for the separation 
of amino acids of the same type such as acidic f rom 
acidic, and neutral f rom neutral and also to separate 
basic amino acids from all other types. Mixing of the 
silica gel 'G' to an inorganic ion exchanger lowers its 
cost to a great extent and enhances its binding capaci ty 
with the glass plates in addition to the improvement of 
its resolution power for amino acids. T h e silica gel ' G ' 
is a well known powerful adsorbent for m a n y molecules. 
The ion exchange behavior of the exchanger and the 
adsorption characteristics of the silica gel 'G ' jointly 
operate in the separation process. 
Figure I illustrates the trend of the R( values o f c -
amino acids on plain silica gel 'G ' plates as well as on the 
mixed thin layers. On plain silica gel ' G ' all a m i n o 
acids move appreciably in D M W , absolute methanol , 
ethanol, and acetic acid. It may be due to the solubility 
of amino acids in such solvents. In organic solvents 
like benzene, acetone, 1-butanoI, and ether, the migra-
tion of amino acids is negligible because they are spar -
ingly soluble in such solvents. In the mixed solvent 
systems the migration improves in some cases, e x c e p t 
for the basic amino acids. Presence of an e x t r a - N H z 
group in basic amino acids may be responsible for this 
behavior as it has an e x t r a lone pair of electrons. Silica 
may, therefore, have a greater affinity for such a mole-
cule as compared to the acidic or neutral amino acids. 
Addition of antimony(V) phosphate to silica gel ' G ' 
promotes a differential migration of amino acids per-
haps due to the combined effect of the ion e x c h a n g e 
behavior of A P and the adsorption behavior o f t h e S i 0 2 
surf2,::s. Hence, the separations become possible. 
F o r instance, a sepL-ation of aspartic acid from glu-
tamic acid is possio . in etha'^ol: benzene ( 1 : 1 ) solve.it 
sysitm on ihe A P - f s . . ca gel 'G' ( 2 0 : 8 0 ) plates, v.hereas 
this separation could not be achieved on pure silica gel 
'G' plates. A study of the variation in the A P : silica gel 
'G ' ratios reveals the fact that the most fruitful results 
are obtained on the thin layers consisting of 2 0 % A P . 
Below this composition the resulu. were no different 
from pure silica gel 'G' and above this composition th 
resolution power of the adsorbent ii -ot furtr 
enhanced. This combination was, therefo. used fo 
all the studies. Tables I and 2 summarize ti. results. 
The practical utility of the method has been illu'trated 
by analyzing two drug samples, the results of whi h are 
summarized in Table 3. 
The authors thank Professor M . Ajmal for the 
research facilities and the C. S. I. R . for the financial 
assistance to oqe of them (U.G. ) . 
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Abstrac( 
The thermodynamics of the adsorpuon of phosphamidon on antimonyfV) phosphate cation exchanger has been studied 
at 10, 45 and 60°C and the thermodvnamic equilibnum constant (/Co), ttandard free energy change (/IC*), enthalpy 
change {/iH°) and entropy change (ilS") have been calculated to predict its adsorption behaviour All the data arc 
adequately represented by the Freundhch isotherm 
Keywords Adsorption; antimony(V) phosphate; cation exchanger; phosphamidon. 
Introduction 
The use of pesticides has been a regular pract ice 
in our society as they greatly improve the yields 
of farms, facilitate s torage and even control the 
spread of tnsect-borne diseases. However , cxccssive 
and frequent application of pesticides has led to 
increasing concerns a b o u t the residues that a r c 
left in the environment, as they are likely t o be 
taken in by humans through the food they eat , 
the water they drink and the air they breathe. 
Because of this, the toxicity of pesticides at residual 
concentrations has become a popular focus of 
interest for toxicologists, environmentahsts, chem-
ists and biochemists A significant feature has been 
the adsorption of pesticides on soils [1—4] This 
IS affected by the presence of metal ions which 
play an important role in modifying the nutritional 
status of the soils 
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Inorganic ion exchangers a r c known to be 
selective for various metal ions [ 5 ] .nd hence 
their presence in soil m a y have s o m e far-reaching 
consequences. A preliminary s tudy has revealed 
that these materials are likely to increase the 
adsorption capaci ty of soils for pesticides v^hen 
mixed with them [ 6 - 8 ] In order to explore further 
this behaviour of inorganic ion cxchangcrs for 
different pesticides, a b r o a d - s p c c t r u m systemic 
insecticide, phosphamidon ( C j o H ^ C l N O s P ) has 
been selected here as the adsorbing species and 
ant imony{V) phosphate ( A P ) as the adsorbent. 
T h e results of a t h e r m o d y n a m i c study of the 
system arc summarized in this paper 
Mater ials and methods 
Reagents and chemicals 
P h o s p h a m i d o n was obtained from Hindustan 
C i b a Geigy Ltd Al! other chemicals and reagents 
were obtained from B D H. and were of A.R, 
grade 
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Apparatus 
A water bath i n c u b a t o r - s h a k e r having a temper-
a ture variation of ± 0 . 5 ° C was used for aJl the 
equilibrium studies. T h e spec t rophotometr i c 
studies were carried out using a Bausch and L o m b 
Spectronic-20 spect rophotometer . 
Synthesis of antimony(V) phosphate cation 
exchanger 
Antimony(V) phosphate was synthesized by a 
previously described m e t h o d [ 9 ] , T h e co lumn ion-
exchange capacity of this c o m p o u n d was found 
to be 1.75 m e q g " ' (dry). 
Adsorption thermodynamics 
P o r t i o n s (0.2 g) of the ant imony(V) phosphate 
(H * form) were placed in various stoppered conical 
flasks, each containing 2 0 ml phosphamidon solu-
tions of different concentra t ions ( 1 0 0 - 1 0 0 0 mg 1 ~ ' ) 
at the desired temperatures (30, 4 5 a n d 6 0 ° C ) and 
the mixtures were shaken for 2 h to at tain 
equilibrium (Fig. 1). T h e supernatant liquid was 
then analyzed spcctrophotometr ical ly [ 1 0 ] for the 
presence of phosphamidon. T h e phosphamidon 
solutions were also analyzed similarly prior t o 
mixing with the cation e x c h a n g e r to obtain their 
initial concentrat ions. 
O O 1 0 0 
Time (min) 
I B O 2 0 0 
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Results and discussion 
T h e adsorption of phosphamidon on a n t i m o -
ny(V) phosphate at the three temperatures (30, 4 5 
and 6 0 ° C ) is represented by the isotherms shown 
in Fig. 2. All the isotherms follow adequately a 
Freundlich adsorpt ion behaviour a n d can be 
represented by the equation 
x/m^KC"' (1) 
where xjm is the surfacc c o n c e n t r a t i o n of phos-
phamidon in millimoles pwr g r a m o f the exchanger , 
C is the equilibrium concentra t ion of phosphami-
d o n (mmol m l " ' ) and K and 1/n a r c the constants 
determined from the intercepts a n d slopes of the 
straight lines, respectively, (Fig . 3 ) fitted t o the 
points by the least-squares m e t h o d . T h e values 
obtained a r c listed in Table 1. 
T h e r m o d y n a m i c parameters a r c calculated from 
the variation of the t h e r m o d y n a m i c equilibrium 
constant JCq, (or the t h e r m o d y n a m i c distribution 
coefficient) with the change in temperature . T h e 
constant K o for the adsorpt ion react ion c a n be 
defined as follows: 
= ^ = 
v . C , 
(2) 
- a . v . C . 
where a, is the activity of the adsorbed solute, a . 
Fip I rUil^ of adsorbed pliosphamidon vs lime on «n(itnony(V) 
phosphate cation exchanger. 
2 4 
EquHtbrlum concenlratton of phosphamidon 
(mmol/ml xlO"*) C, 
Fig. 2. Adsorption isotherms of phosphamidon on anlimony(V) 
phosphate cation exchanger. 
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Fig. 3. Frcundlich isotherms of phosphamidon adsorption on 
antimony(V) phosphate cation exchanger. 
is the activity of the solute in solution at equilib-
rium, C , is the surface concentrat ion of phosphami-
don in millimoles per gram of exchanger , C , is 
the concentrat ion of phosphamidon at equilibrium 
(mmol m l " ' ) , v, is the activity coefficient of the 
adsorbed solute and v^  is the activity coefficient 
of the solute in solution. 
As the concentra t ion of the solute in the solution 
approaches zero, the activity coefficient a p p r o a c h e s 
unity, reducing E q n (2) to the following form 
C, a. 
(3) 
TABLE I 
Frcundlich isotherm constants K and 1/n for the adsorption of 
phosphamidon on antiraony(V) phosphate (H*) cation 
exchanger 
Frcundlich 
constant 
Temperature ( °Q 
30 45 60 
K 
I/n 
2.53 
l.IO 
242 
1.09 
231 
1.07 
Values of K q are obtained by ploliing l n ( C , / C J 
vs C , and extrapolating C, to zero [ 2 ] . T h e 
straight line obtained is fitted lo tfic points ba.scd 
o n a least-squares analysis. Us intcrccpt with the 
vertical axis gives the value of ^ o Standard 
free energy changes 60° for interactions a r c 
calculated [ 1 1 ] from the relationship 
AG'^-RTln Kr (4) 
where R is the universal gas constant and T is 
the temperature (K) Tiie average s tandard 
enthalpy change ( ^ H " ) is then calculated from the 
well-known Van't HofTisochore equation 
In X o ( T 3 ) - l n K o ( T , ) 
1 1 
R Kn T, 0 (5) 
where Ts and T, are two different temperatures. 
S tandard entropy changes are calculated 
using the equation 
zJG" = - r^ is" (6) 
T h e values obtained are shown in Table 2. A 
negative value of the standard enthalpy change 
indicates that the p h o s p h a m i d o n - e x c h a n g e r intcr-
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Fig. 4. Plots of In C . / C , vs C, on aniimonyfV) phosphate cation 
exchanger. 
Colsiir 2236—First Proofs—Pfige 3 
4 K G. Vnrjhnc} el at /Colloids Surfaces 00 (1992) 000-000 
TABLE 2 
Values of various thermodynamic parameters for the adsorption of phospbamidon on aniimonj'fV) phosphate cation eichanger 
Tliermodynamic parameters Temperature (*Q 
30 45 60 
Ko 137 125 113 
AC (kcal niol"') -2 .96 - 3 05 - 3 . 1 3 
A i r (kcal mol"') -1.26* -1.26' -1 .26 ' 
(Iccalmol"'dcg-') 5.61-10-^ 5 .63-10- ' 5 . 62 -10 - ' 
'Avcriigc viilue calculalcd from Ihe Van't Hofi" isochore oqtuKion (Eqn(})). 
action is exothermic . It is supported by the 
adsorption isotherms plotted at different temper-
atures (Fig. 1). Since the free energy changes are 
negative and a r e accompanied by a positive 
entropy c h a n g e , the reactions are spontaneous 
with a high affinity for phosphamidon [ 1 2 ] . As 
the results indicate, the adsorption of phosphami-
don on the surface o f antimony(V) phosphate is 
about 5 5 - 6 0 % of the total a m o u n t added. This 
value is higher c o m p a r e d with the adsorption of 
carbofuran o n ant imony(V) silicate and tin(IV) 
arsenosilicate studied previously [ 6 , 8 ] . 
T h e mechanism of adsorption of phosphamidon 
o n the surface of the exchanger c a n be explained 
as follows. 
T h e replaceable H"^ ions of the exchanger m a y 
interact with the carbonyl ( > C = 0 ) and phosphonyi 
( ^ P = 0 ) g r o u p s in the phosphamidon molcculc, 
thus causing a m a r k e d localization of the at tract ive 
forces as s h o w n below. T h e exchanger matr ix is 
denoted by X . 
The adsorption decreases with an increase in 
temperature probably because of the weaker forces 
of at traction operating at higher temperatures . 
Conclusions 
A comparison of the present studies with those 
of the carbofuran o n ant imony(V) silicate cat ion 
exchanger carried out previously indicates that the 
adsorption of phosphamidon o n the surface of an 
inorganic ion exchanger is greater than that of 
carbofuran. It m a y be due to the presence of both 
the phosphonyi 9 P = 0 ) and carbonyl ( > C = 0 ) 
groups in phosphamidon. Carbofuran , however, 
has only the carbonyl group in its structure. 
Furthermore , the a d s o r p t i o r decreases with an 
increase in temperature because of the exothermic 
nature of the proccss. 
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